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ABSTRACT
Case Study of Participants in a Site-Based Secondary
Mathematics Methods Course and Internship:
Three Teachers in Transition
by
Alyson Elizabeth Lischka

Although the National Council of Teachers of Mathematics (NCTM) introduced
standards intended to reform the teaching of mathematics in 1989, those reform-oriented
practices have not saturated mathematics teaching. Mathematics teacher educators
continue to work with pre-service and practicing teachers to more fully implement the
reform practices as described by NCTM. At times, this can take the form of professional
development schools (PDSs) in which mathematics teacher educators and practicing
teachers collaborate to prepare pre-service teachers. Through a case study, three
participants in a PDS setting were studied as they took part in the initial year of a
secondary mathematics methods course and internship. One intern, his collaborating
teacher, and the high school mathematics teacher who served as the methods course coinstructor were interviewed, observed teaching, and completed pre- and post-surveys on
beliefs about the nature, teaching, and learning of mathematics. Data collection took
place during the methods course and the first half of the student teaching semester.
Participants’ beliefs, position of intellectual development and classroom discourse
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practices were examined for changes throughout the study. These constructs provided
lenses through which explanation of the differing ways in which participants’ interacted
with the PDS activities could be explored. Findings were connected to the Mathematics
Teaching Cycle. Further exploration of such cycles can contribute to the development of
trajectories for the learning of teaching mathematics and can be useful as frameworks in
teacher preparation courses in which pre-service teachers are encouraged to develop as
reform-oriented teachers.

KEY WORDS: beliefs, secondary mathematics, pre-service teachers, in-service teachers,
intellectual development, discourse, Mathematics Teaching Cycle
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CHAPTER 1: BACKGROUND AND DESCRIPTION OF THE PROBLEM
The teacher preparation program in which I learned to teach instructed me in the
use of discovery activities and collaborative student group work that encouraged students
to make sense of mathematics. However, the culture of the education system in which I
was first employed favored lecturing. As a new teacher, I succumbed to the cultural
pressures and taught as my colleagues were doing and as my teachers had taught me in
my own high school experience. As a result, my students struggled to learn mathematical
ideas from lectures and I was continually dissatisfied with lessons I taught. Thus, I
sought out ways to involve my students in actions that would promote grappling with the
material more than I had been requiring them to do. Simply keeping them on task was
not my goal; instead, looking for ways to help them connect with the mathematics itself
and develop as problem solvers and mathematical thinkers became my mission. I
experimented and found ways to engage my students in discussions about mathematics.
Though I made many mistakes along the way and never reached that “perfect” lesson, I
watched, enthralled, as my students began to soar.
As my career evolved, I became a district professional learning facilitator and a
department chair and started regularly observing other mathematics teachers. I continued
to watch for how other teachers engaged their students in mathematical discussions,
many times finding that they simply did not. I encouraged change in practice within my
department, school, and system only to find that many teachers struggled to make
1
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changes even when they professed a desire to do so. As a department chair, I worked to
build a learning community among my teachers (though at that time I did not realize that
what I was doing had that name). Within that learning community I encouraged teachers
to share ideas with each other and to be brave in trying new pedagogical tools in their
classrooms. I continued to be puzzled by the fact that some educators drank in these
opportunities and flourished when others rejected new ideas and continued in their same
stagnant patterns of teaching.
After entering a doctoral program, I sought out literature that helped me focus my
interests and develop research questions around how teachers engage students in
classroom discussions. Why do some teachers continue using only traditional lectures
when other teachers work toward high student engagement through mathematical
discussions? How do teachers decide to change their practice and then implement those
changes? How can professional learning communities be implemented to effectively
impact change in teaching?
Placement of these questions within a global perspective lends urgency to the
inquiry. International student comparisons, such as the Programme for International
Student Assessment (PISA) or the Trends in International Mathematics and Science
Study (TIMSS), painted an unfavorable picture of U.S. mathematics teaching and
learning. The latest PISA data showed that U.S. scores trailed behind 17 of the 33 other
countries that participated in the Organization for Economic Cooperation and
Development (OECD). The U.S. overall average on the 2009 PISA was lower than the
average for the entire OECD. Comparing the 2009 scores to the earliest record from
2003 showed no measureable improvement for U.S. students between those assessments
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(National Center for Education Statistics [NCES], 2011a). The 2007 TIMSS data
suggested a slightly better report with U.S. averages in both fourth- and eighth-grade
slightly higher than the overall TIMSS scaled average. However, the US still lagged
behind eight other participating countries and was not measurably different than four
other participating countries (NCES, 2011b).
Stigler and Hiebert (1999) investigated the differences between teaching practices
in various TIMSS countries from an early administration of the TIMSS and found that
mathematics teaching in U.S. schools was focused on procedural fluency and portrayed a
limited view of mathematics. They found that teachers in the US focused on “skill and
drill” computational practice with little discussion involving conceptual understanding of
mathematics. In contrast, Japanese teachers designed their lessons around problem
solving with difficult problems and discussion of mathematical ideas to develop
conceptual understanding. The mass of video evidence that Stigler and Hiebert presented
coupled with the achievement data above created a clear picture of the deficiencies in
U.S. mathematics teaching.
The evidence that Stigler and Hiebert (1999) offered came approximately 10
years after the National Council of Teachers of Mathematics’ (NCTM, 1989) first draft of
new curriculum and teaching standards for school mathematics. Although a 10-year span
may not be enough time to witness a national transformation in teaching practices,
standards set forth by NCTM are still not permeating schools (Darling-Hammond, 2010).
Darling-Hammond argued that “political forces have repeatedly pushed most
mathematics teaching in the United States back to drill-and-practice methods at odds with
what research shows are the most effective strategies for developing high levels of
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mathematical competence” (p. 12). Within this backdrop of national policy, Stigler and
Hiebert noted that U.S. teachers in their study reported efforts to improve teaching.
However, the video evidence indicated that what little change had occurred was only
superficial in nature.
Although political policy and other societal factors play a large role in student
achievement, it is undeniable that improving the practice of teaching is the first line in the
battle against low mathematics achievement (Conference Board of the Mathematical
Sciences, 2000; Darling-Hammond, 2010). As Stigler and Hiebert (1999) pointed out,
“teaching is the one process in the educational system that is designed specifically to
facilitate students’ learning” (p. 3). Working to help teachers improve teaching practice
is a complex task that requires attention to the initial training of mathematics teachers,
encouragement during the induction phase of teaching, and support for seasoned teachers
as they hone their skills and continue to learn. Placing this work within schools enriches
inquiry and learning for all involved in the professional learning community. DarlingHammond noted that “learning to practice in practice, with expert guidance, is essential
to becoming a great teacher of students with a wide range of needs” (p. 316).
The present study took place within a professional development school setting,
similar to those described by Darling-Hammond (2010) as desirable places to learn the
craft of teaching. The stated purpose of this particular professional development school
embodied the goal of supporting teachers in their growth at a variety of stages in their
career while improving education for an at-risk student population. The setting will be
discussed more thoroughly in Chapter 3 (Methodology). For this study, specific attention
was given to the ways in which the research participants in this professional development
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school engaged with recent mathematics education literature as they reflected on their
classroom practice and initiated changes in their practice. Investigating the ways in
which beliefs about the nature, teaching, and learning of mathematics along with position
of intellectual development explained both the classroom practice of the participants and
their interactions with the professional development school activities was the focal point
of this study. Classroom practice was characterized through the lens of classroom
discourse. Existing literature in mathematics education provides a clear image of both
mathematics teachers’ beliefs and positions of intellectual development. However,
literature on classroom discourse encompasses a variety of perspectives on the topic.
Therefore, in the next section I will define my perspective on classroom discourse and
following that I will provide an overview of the study.
Describing Classroom Practice through Classroom Discourse
The term discourse is used in a variety of ways and with an assortment of
meanings (Ryve, 2011). In general, the study of discourse is the study of human
communication, one aspect of which is language. Because language both conveys
meaning and creates meaning, discourse is also viewed as a system that brings with it
social consequences (Ryve). Gee (2001) defined discourse as “a socially accepted
association among ways of using language, of thinking, and of acting that can be used to
identify oneself as a member of a socially meaningful group” (p.1). He established
discourse as a social aspect of identity through which one is either included or excluded
from a group. When the group is mathematicians, learning mathematics becomes “an
initiation to mathematical discourse” (Sfard, 2001, p. 28) in which students grow in their
use of mathematical communication including the language and notation particular to
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mathematics. Discourse, in this sense, includes both written and spoken language and
can apply to communication that is shared with others or meant for oneself (Gee, Sfard).
With a focus specifically on mathematical discourse, mathematics education
researchers (e.g., Herbel-Eisenmann & Cirillo, 2009; Nathan & Knuth, 2003) rely on
NCTM’s description of classroom discourse as presented in the Professional Standards
for Teaching Mathematics (1991):
The discourse of a classroom – the ways of representing, thinking, talking,
agreeing, disagreeing – is central to what students learn about mathematics as a
domain of human inquiry with characteristic ways of knowing. Discourse is both
the way ideas are exchanged and what the ideas entail: Who talks? About what?
In what ways? What do people write, what do they record, and why? What
questions are important? How do ideas change? Whose ideas and ways of
thinking are valued? Who determines when to end a discussion? The discourse is
shaped by the tasks in which students engage and the nature of the learning
environment. (p. 34)
This definition broadens the ideas associated with discourse and brings other classroom
pedagogical practices into relationship with classroom discourse. Rather than simply
considering spoken or written word and how words create meaning, discourse in
mathematics classrooms is intended to have specific purpose and consequences.
Curcio, Schwartz, and Brown (1996) stated that “meaningful communication in
mathematics is characterized by discourse that promotes inquiry into an idea. Such
inquiry involves discovering underlying relationships between and among mathematics
concepts and takes the form of thinking and discussing” (p. 204). More concretely, the
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discourse of a mathematics classroom is characterized by active student learning through
representations of mathematical ideas that include students and teachers agreeing and
disagreeing as they discuss those ideas (NCTM, 2007). The NCTM (2000)
Communication Standard offers a vision of mathematics classrooms in which students
are encouraged to exchange ideas as a conduit for learning mathematics. Classroom
communication should make use of appropriate mathematical notation and terminology
as well as urge students to reflect on others’ ideas as well as their own. The teachers’
role in classroom discourse includes helping students to clarify their ideas, posing
problems worthy of discussion, and facilitating the overall direction of discussions
(NCTM 2000, 2007).
With these descriptions as my foundation, I approach the concept of mathematics
classroom discourse as encompassing many of the pedagogical practices that take place
in mathematics classrooms. When a teacher presents new concepts or facilitates
exploration of student inquiries, classroom discourse is the vehicle through which these
happen. Teachers and learners connect multiple representations of concepts through the
use of classroom discourse. Assessment of student learning, both formative and
summative, is accomplished through classroom discourse. Mathematics classroom
discourse should be focused both on correct use of precise mathematical notation and
language and on exploration of mathematical ideas. Discourse is a shared experience
between the teacher and the students in the community of the classroom and is shaped by
the pedagogical choices of the teacher. With this perspective of classroom discourse
framing my research, I examined how teachers’ classroom discourse practices changed as
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they participated in a professional development school methods course for secondary
mathematics teachers.
Overview of the Study
In this study I built upon the inquiries of my early career and searched for
understanding of the ways in which teachers changed while interacting with a schoolbased methods course. The reform vision of mathematics classroom discourse supported
by NCTM is complex, and reform leaders acknowledge that “many teachers may struggle
with the challenges of implementing these ideas to create the new version of mathematics
instruction that occurs in classrooms that are true discourse communities” (Silver, 2009,
p. viii). Literature on teacher change, including both teachers’ beliefs and intellectual
development, along with literature on discourse provided frameworks for the
investigation.
Teacher change is a slow and sometimes tenuous process (Darling-Hammond,
2010; Silver, 2009; Stigler & Hiebert, 1999), and there are a variety of theories
surrounding how and why teachers actually do change their practice. Thompson (1992)
argued that changing a teacher’s beliefs was an essential step in encouraging them to
change their teaching practice. Guskey (2002) countered this argument and stated that
when teachers engaged in new practices (for a variety of reasons) and found those
practices to be successful, they then changed their beliefs to align with their new
practices. Franke, Carpenter, Levi, and Fennema (2001) blended these two opposing
views and provided evidence that change occurred either with a belief change first or a
practice change first, depending on the stage of career and autonomy in which a teacher
was practicing at the time of change. From this collection of theories, it is evident that,
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although there is disagreement about the process in which belief change occurs, many
researchers support the idea that teachers’ beliefs are a central structure to comprehend in
searching for understanding of the ways and reasons teachers change.
Investigating the beliefs of mathematics teachers requires frameworks for
understanding the structure of beliefs related to the nature of mathematics, teaching
mathematics, and learning mathematics (Ernest, 1988, 1991). Beliefs can sometimes
appear to be contradictory, especially among teachers who say they believe one idea and
then act in a contradictory way. Green (1971) provided a framework for understanding
belief structures so that explanation of this phenomenon makes sense. Leatham (2006)
expanded Green’s ideas and argued for a picture of teachers’ beliefs as being part of a
sensible system, providing a foundation for research involving teachers’ beliefs. For this
study, I built my framework for understanding teacher change upon the work of Green
and Leatham.
Some researchers interested in teachers’ beliefs found that the ways in which
teachers come to know mathematics influence their beliefs and practice (e.g. Cooney,
Shealy, & Arvold, 1998). There are various theories of intellectual development,
concerning the ways in which individuals come to know: King and Kitchener’s (1994)
theory of reflective judgment; Belenky, Clinchy, Goldberger, and Tarule’s (1986) theory
of women’s way of knowing; and Baxter-Magolda’s (1992) theory of self-authorship.
Although each of these theories contributed distinct pieces to intellectual development
theory, each was fundamentally based on the work of Perry (1968/1999). Therefore, it
was Perry’s work on positions of intellectual development in traditional college-age
students that I chose to inform my interpretation of teacher change. Perry’s scheme
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depicts a trajectory of intellectual development from dualist thought to relativist thought
as college students broaden their world experiences and recognize that truth is not always
certain. In this study, I investigated change in classroom discourse practices. Examining
the participants’ positions using Perry’s scheme created a more thorough picture of how
and why their practices evolved as they did.
In order to characterize classroom practice I used two levels of description of
classroom discourse. Hufferd-Ackles, Fuson, and Sherin’s (2004) description of levels of
math talk in a classroom provided a framework for examining the overall discourse in
classrooms. They described discourse as a function of questioning, explaining, authority
for the mathematical ideas, and responsibility for learning. The framework depicted four
levels that ranged from a completely teacher-directed classroom to a classroom in which
teachers and students interact as partners in learning. For more specific description of
what teachers do to promote powerful discourse in their mathematics classes, I referred to
Herbel-Eisenmann’s (2009) catalog of discourse moves and to Smith and Stein’s (2011)
model for orchestrating classroom discourse. These authors discuss actions such as
waiting, inviting students to participate, revoicing, probing students’ thinking, selecting
and sequencing student responses, and creating opportunities for students to engage with
mathematics. I used these two structures for characterizing mathematics classroom
discourse to form the framework through which I described classroom discourse practices
in this study.
The participants for this qualitative case study were a pre-service teacher, his
collaborating teacher, and a site-based methods course co-teacher who were involved in
the first cohort of an urban education teacher preparation program within a professional
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development school. The program provided opportunities for all three participants to
learn practice in practice while engaging with current mathematics education literature.
Guided by a knowledgeable university faculty member who served as one of the methods
course instructors and then as the university supervisor during the last semester of the
program, the participants reflected on the course readings and on their own practice
throughout the year. I collected a variety of data, monitoring this process throughout the
year including interviews, a beliefs survey, transcripts of each methods class, classroom
teaching observations, and written class assignments.
Much of the research on teacher change and on classroom discourse practices has
been carried out at the elementary or middle school levels, with little research conducted
in high school settings. In order to better understand the ways in which high school
teachers change and implement classroom discourse practices, research is needed at the
high school level. These understandings will inform the ways in which we prepare preservice teachers and the ways in which we shape professional learning for practicing
teachers. This study addressed the gap in current research by analyzing the ways that a
pre-service teacher developed discourse practices and in-service teachers changed their
discourse practices in a high school mathematics setting. Through this study I sought to
investigate how the lenses of mathematics teachers' beliefs and position of intellectual
development explained participants' changes as they interacted with a site-based
mathematics methods course and internship. The literature review and theoretical
framework upon which the study of this research question was based will be discussed in
the next chapter.

CHAPTER 2: LITERATURE REVIEW AND THEORETICAL FRAMEWORK
As a means of addressing lagging student achievement in mathematics, teacher
practices have been under intense scrutiny since the No Child Left Behind law was
established in 2001 (NCLB, 2002). Reform-oriented practices, as proposed in the
National Council of Teachers of Mathematics (NCTM) standards documents (1989,
1991, 2000), have not permeated classroom instruction to a high degree (DarlingHammond, 2010; Philipp, 2007; Stigler & Hiebert, 1999). Educational researchers have
responded to this phenomenon by researching effective classroom practices, such as
discourse, and by investigating the ways in which teachers change their practice.
In this chapter, I will first review the research related to how teachers change their
practices and then I will discuss research on mathematics classroom discourse as a way to
characterize classroom practice. In the second part of this chapter I will present the
theoretical framework, based upon this literature review, which I used to guide my study.
A Review of Literature
Research on Teacher Change
There are a variety of theories in mathematics education literature surrounding the
idea of teacher change. Nelson (1997) found that some researchers, building on cognitive
theory, proposed that teacher change occurred as a result of confronting situations of
disequilibrium. Other researchers, relying on socioconstructivist theory, proposed
teacher change as an element of renegotiation of classroom norms. Still others focused
12
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their teacher change research on teachers’ mathematical content knowledge, arguing that
teacher knowledge needed to become more conceptual and less algorithmic. An
underlying construct within each of these theories was teachers’ beliefs about
mathematics teaching and learning. Teachers’ beliefs about mathematics itself and the
teaching and learning of the topic shaped the ways in which study participants adapted to
reform views of mathematics and implemented change.
Thompson’s (1992) earlier synthesis of research showed that a teacher’s beliefs
must be changed in order to impact a change in practice. Guskey (2002), in a theoretical
piece, countered this idea by proposing that, because experiences influence beliefs,
teacher practice can be changed when teachers engage in new practices and find them to
be successful. He supported his model of teacher change by demonstrating the ways in
which his model explained findings in previous research on teacher change. Other
researchers argued for a combination of these ideas, supporting the idea that change in
practice can occur simultaneously with a change in beliefs (Franke, Carpenter, Levi, &
Fennema, 2001) or without any change in belief (Nathan & Knuth, 2003). Philipp (2007)
proposed that identifying the order of change is not as important as supporting teachers in
changing both beliefs and practice. Even though there are competing views on the role of
beliefs, researchers agree that teacher beliefs do play a role in pedagogical choices and
therefore are linked to changing those pedagogical practices.
Research on teacher beliefs. Research on beliefs of mathematics teachers has
been qualitative (e.g., Cooney et al., 1998; Cross, 2009; Franke et al., 2001; Nathan &
Knuth, 2003; Raymond, 1997), mixed methods (e.g., Andrews & Hatch, 1999; Peterson,
Fennema, Carpenter, & Loef, 1989); or purely quantitative (e.g., Yates, 2006). Much of
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the focus has been on the beliefs of elementary teachers with respect to mathematics
(Peterson et al.; Raymond; Yates), however a few studies (e.g., Andrews & Hatch;
Connor, Edenfield, Gleason, & Ersoz, 2011; Cooney et al; Cross) address practicing and
pre-service mathematics teachers at the secondary level.
An overarching theme in much of the research on teacher beliefs is the connection
between teacher beliefs and their pedagogical choices. Peterson et al. (1989) studied 39
1st grade teachers’ pedagogical choices as well as the achievement levels of their
students. The researchers designed a Likert-scale beliefs instrument to measure their
participants’ pedagogical content beliefs in addition and subtraction. The survey
included four subscales: how children learn mathematics; relationships between skills,
understanding, and problem solving; beliefs about how to sequence instruction; and
beliefs about how addition and subtraction should be taught. The survey responses were
analyzed for internal consistency, producing a Cronbach’s Alpha on the total belief scale
of .93. Using survey responses and a structured beliefs interview, the researchers
identified teachers who held cognitively-based perspectives on the teaching and learning
of mathematics. Those teachers holding a cognitively-based perspective held the belief
that children actively construct their own knowledge and that children’s thinking should
be the basis for the sequencing of learning tasks. After separating their participants into
two groups (those with a cognitively-based perspective and those with a less cognitivelybased perspective), the researchers compared problem-solving achievement scores of the
students of their participants. The researchers found a positive relationship between
teacher beliefs and student achievement: students of teachers holding more cognitivelybased beliefs about teaching and learning scored higher on the achievement test.
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In a qualitative study, Raymond (1997) examined the relationships between the
beliefs and practices of one early-career elementary teacher. Through interviews,
classroom observations, examination of lesson plans, a questionnaire on beliefs and
practice, and a concept mapping activity, Raymond found that the participant’s beliefs
and practice in general were inconsistently related. However, close examination of the
data revealed that the participant’s pedagogical practices were more closely related to her
beliefs about mathematics content than to her beliefs about the teaching and learning of
mathematics. Furthermore, the researcher found that early experiences as a student of
mathematics were the biggest influence on the participant’s beliefs about mathematics
content.
In another study connecting beliefs with practice conducted at the high school
level, Cross (2009) found results that supported Raymond’s findings. In a collective case
study of five high school Algebra I teachers at various stages in their careers, Cross found
the participants’ beliefs about the nature of mathematics served as the primary source for
their beliefs about pedagogy and learning mathematics. Analyzing data collected through
interviews and classroom observations, Cross was able to draw connections between the
teachers’ beliefs and their classroom practice. She found that the beliefs of the
participants were structured differently and that those differences were reflected in their
classroom practice. Participants’ beliefs included: mathematics as computation or
mathematics as a way of thinking; teaching as demonstration or teaching as guidance;
and learning as practice or learning as understanding. These beliefs were evident in the
types of instructional activities they chose for their students (e.g., choosing procedural
practice as opposed to problem-solving tasks).
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Some mathematics teacher educators use studies of the connections between
beliefs and practice to shape their work with pre-service teachers. They consider how
teacher preparation programs can encourage pre-service teachers to develop beliefs that
will be conducive to pedagogical practices aligned with reform-oriented mathematics
instruction. Cooney et al. (1998) studied the beliefs structures of four pre-service
mathematics teachers as they progressed through four quarters of a preparation program
which included their student teaching experience. Through a short answer questionnaire,
classroom observation field notes, and written course assignments, four students with
differing beliefs were studied. Analysis of interview transcripts with these four
participants and observation field notes throughout the next year of courses suggested
relationships between pre-service teachers’ intellectual development (as described by
Perry (1968/1999) and others) and the ways in which the pre-service teachers modified
their beliefs. The authors developed descriptions of the participants as naive idealists,
isolationists, and connectionists. The naive idealist sought agreement of ideas and
accepted others beliefs as her own without criticism of those beliefs. The isolationist
clustered his own beliefs separately from others and only sought confirmation that his
own views were valid rather than entertaining other possible beliefs. The connectionists
evaluated the beliefs of others and analyzed various views in order to construct a
connected system of beliefs about teaching and learning. The three categories proposed
by the researchers were posited to lead to varying levels of reflective practice in teaching.
Conner, Edenfield, Gleason, and Ersoz, (2011) built on the framework developed
by Cooney et al. (1998) as they investigated shifts in beliefs about proof in a group of
pre-service secondary mathematics teachers. Six pre-service teachers participated in a
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qualitative study over two semesters in their teacher preparation program. Through a
combination of interviews, surveys, college course observations, weekly reflections, and
course assignments the researchers found that the pre-service teachers’ beliefs about
mathematics and proof remained constant. However, the participants’ beliefs about
pedagogy shifted to be more aligned with the reform-oriented view of teaching. The
authors posited that a focus on reflection in the course sequence may have contributed to
the pre-service teachers’ shifts in beliefs. Implications from these studies indicate that
the choice of instructional activities and experiences used in teacher preparation
programs can influence the beliefs of teachers.
Two studies (Franke et al., 2001; Nathan & Knuth, 2003) related teachers’ beliefs
specifically to discourse practices. Nathan and Knuth (2003) studied the ways in which
one middle school teacher examined and changed her discourse practices. Over a two
year case study, they found that their participant did not change her beliefs; rather she
changed her practice to align with her beliefs. Therefore, they concluded that some
teachers change in order to better align their practice with previously established beliefs
and the pedagogical changes occur without any change in beliefs.
Four years after conducting a multi-year professional development program for
elementary teachers on Cognitively Guided Instruction (CGI), Franke et al. (2001)
examined the lasting effects of the program for 26 of the original participants. The CGI
model was built on two major premises: intuitive knowledge that children bring to the
classroom should serve as the basis for designing mathematics instruction, and
mathematics instruction should emphasize problem solving and investigate the
relationships between problem solving and computation. Along with the original
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professional development program, a longitudinal study was conducted to investigate
change in the teachers’ practice with specific attention to discourse. For the 2001 study,
the same researchers as those involved in the original study observed the participants
teaching and interviewed each participant, looking specifically at how the teacher
facilitated students’ sharing of strategies. During the interviews, the participants
reflected on their lessons and discussed their perceptions of how they had changed since
beginning the original program. Comparing their new data to data from the original
study, they found that, rather than falling into one extreme or another, teacher change
depends on a variety of factors including teachers’ beliefs and intellectual development.
Furthermore, they found that teacher change takes place as a generative process in which
pedagogical change and beliefs evolve in tandem.
Overall, researchers interested in teachers’ beliefs recommended that better
understanding of teachers’ beliefs can aid in the professional development or initial
development of teachers (Cooney et al., 1998; Nathan & Knuth, 2003; Peterson et al.;
Raymond, 1997; Yates, 2006). Though there is extensive literature in the area of
mathematics teachers’ beliefs, much of that research has been conducted at the
elementary level. A gap exists in the literature concerning the beliefs of secondary
mathematics teachers and how these beliefs are tied to the ways in which they adopt
reform-oriented classroom practices. Research that addresses this gap can inform the
work of mathematics teacher educators as they work with practicing and pre-service
teachers and encourage them to develop reform-oriented practice.
Research on intellectual development. Another factor contributing to teacher
change is intellectual development, as noted by Cooney et al. (1998). Beliefs and
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epistemological perspectives are often intertwined. There are a variety of theories on the
ways in which people come to a state of knowing; e.g., the reflective judgment model
(King & Kitchener, 1994), the self-authorship model (Baxter-Magolda, 1992), and
women’s ways of knowing (Belenky et al., 1986). Each of these models of intellectual
development was built on the model of Perry (1968/1999) either through adaptation or
extension. In this study I chose to focus on the Perry’s work because it is the basis of the
other theories and because there are relevant pieces of mathematics education literature
that make use of Perry’s model.
Perry’s (1968/1999) scheme of intellectual development arose from a longitudinal
study of students at Harvard and Radcliffe in the 1950s and 1960s. Although the
participants were from a unique setting, the scheme has since been found to be
appropriate for a variety of settings. Through analysis of transcripts of unstructured
interviews in which students were asked to reflect on the events in their lives over the
previous year, Perry and colleagues identified different ways in which the students
perceived knowledge. The different ways of knowing were categorized and structured
into nine developmental positions through which Perry posited that every person
progresses as they develop intellectually. In the scheme, intellectual development
progresses from a dualistic view (where ideas are either right or wrong) to relativistic
views (in which a variety of perspectives are possible and can be evaluated for their truth
according to evidence).
In a theoretical piece, Copes (1982) proposed that Perry’s (1968/1999) scheme
could be employed as a metaphor for learning and teaching mathematics and that
mathematics can be a powerful tool in promoting intellectual development. Copes
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suggested that teaching can be differentiated for students who are dualistic as opposed to
relativistic in the way they perceive the world and these differentiations can potentially
encourage students to progress in their intellectual development. For example, for
students who are dualistic, Copes recommended beginning a mathematics course with
mostly lecture and some discussion and then gradually introducing discussion activities
to the class (to suit more relativistic thinkers) so that the course includes primarily
discussion activities by the end. Copes’ argued that using Perry’s model can provide
teachers with another tool for understanding their students.
Roberts, Busk, and Comerford (2001) conducted a quantitative study on the
impact of a teacher preparation course on the intellectual development of pre-service
teachers. Using a pre-test/post-test design, the researchers found that the pre-service
teachers did move to a more sophisticated position of intellectual development as defined
by Perry (1968/1999). Furthermore, they found that those pre-service teachers with some
prior teaching experience showed a greater amount of growth. Though they did not
establish a causal connection between the teacher preparation course and the documented
growth, the study does indicate that growth in intellectual development can occur during
a teacher preparation program.
Research by Higgins and Powell (2011) specifically tied Perry’s (1968/1999)
scheme to the ways in which pre-service teachers develop their ideas about teaching.
They identified a Perry position in intellectual development for their pre-service teachers
and traced student progress through their elementary teacher preparation program
according to Perry’s positions. The researchers administered a 44-item Likert scale
survey as a pre- and post- survey along with three open-ended essay questions. The
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survey items included questions involving beliefs about the teaching, learning, and nature
of mathematics along with questions about dealing with differing opinions. The openended questions concerned evaluating others’ opinions, beliefs, and values and discussion
of how teaching decisions should be made. Higgins and Powell found that pre-service
teacher’s practices in the methods course could be related to their stage of intellectual
development. They also found that most of the pre-service teachers progressed in
intellectual development. Although the researchers found this progression to be
indicative of positive growth, they also stated that most of their pre-service teachers were
not at a position of intellectual development that allowed for high level functioning in the
often ambiguous practice of teaching.
Connections between the ways pre-service and practicing teachers change their
practice and the beliefs and intellectual development of those teachers are described in
research. Although there is much research on the beliefs and practice of elementary
teachers, little has been done on the beliefs and practice of secondary mathematics
teachers. The present study contributes to the literature relating beliefs, epistemological
perspectives, and practices of secondary mathematics pre-service and practicing teachers.
Research on Classroom Discourse
Classroom discourse is an element of pedagogical practice that pervades the
classroom environment. It is also an area of practice that NCTM standards documents
highlight as essential to reform-oriented instruction. Therefore, it is through the lens of
classroom discourse that I characterize the practice of the participants in the present
study. In this section, I will discuss recent research on mathematics classroom discourse.
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Since the publication of the NCTM standards documents there has been a great
increase in the amount of research concerning discourse in mathematics classrooms
(Ryve, 2011; Silver, 2009; Walshaw & Anthony, 2008). This increase is attributed to
several factors including: the reform emphasis on discussion as an essential element to
learning, the influence of perspectives and constructs such as positioning and gender on
theories of mathematics education, and the idea of conceptualizing mathematics as a
discourse (Ryve; Walshaw & Anthony). The growth in this area of research has been
quick, and therefore somewhat scattered in focus of research, overarching methodological
choices, and analytical methods (Ryve).
Research describing mathematics classroom discourse. Several researchers
either closely examined one particular established discourse move, or provided evidence
of a set of discourse moves and their impact on learning. These investigations focused on
the words of teachers and students during classroom conversations and analyzed the
quality of the dialogue that took place. Chapin and O’Connor (2007) and Smith and
Stein (2011) each described a catalog of discourse moves that their research revealed as
producing productive discourse. Smith and Stein delineated productive discourse as
those classroom conversations that “support student learning of mathematics by helping
students learn how to communicate their ideas, making students’ thinking public so it can
be guided in mathematically sound directions, and encouraging students to evaluate their
own and each other’s mathematical ideas” (p. 1).
Chapin and O’Connor (2007) studied 18 elementary teachers and over 400
students involved in Project Challenge, an intervention program designed to develop
mathematically talented students in at-risk, urban elementary and middle schools.
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Throughout the four years of the program, the researchers worked with teachers to
develop mathematical talk among their students, recording the impact of specific teacher
moves that supported productive mathematical talk. They described productive
mathematical talk as talk that encouraged students to clearly state their ideas and to
evaluate others’ work as well as their own. In order to establish a connection between
student learning and the classroom discourse moves proposed in their research, Chapin
and O’Connor conducted post-hoc quantitative tests to examine the academic impact of
their discourse intense program, Project Challenge. The authors described the
quantitative tests as a “post hoc quasicontrolled comparison” (p. 114). They created a
control group by selecting students not involved in Project Challenge who scored the
same in third grade as their Project Challenge students had scored on a standardized test.
The researchers then tested differences between these groups’ scores on the same
standardized test in later grades. The comparison showed the Project Challenge students
outperformed the control group on the California Achievement Test. Though the authors
believed the increase in performance was related to the emphasis on mathematical
communication and discourse, there was no quantitative evidence to support this
connection. It was through this research that they produced a catalog of five talk moves
that encouraged productive classroom discourse: revoicing, repeating, eliciting
reasoning, adding on, and wait time.
In earlier research similar to Chapin and O’Connor’s (2007), Henningsen and
Stein (1997) investigated the ways in which four middle school teachers increased or
decreased the cognitive demand of tasks through their use of discourse. The research
study included closely coding the detailed observation instruments from a portion of a
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larger study. A sample of 144 classroom observation instruments was selected from the
data of the larger study. Each of these instruments was coded with codes related to
description of the instructional task, set up and implementation of the instructional task,
and factors that were relevant to the progress of instruction. Through this study, they
identified ways in which teachers can maintain the cognitive demand of a task as it is
implemented. Stein’s work evolved and eventually led to Smith and Stein’s 2011
publication 5 Practices for Orchestrating Productive Mathematics Discussions in which
they described and demonstrated the discourse practices that maintain high cognitive
demand during task implementation: anticipating student responses, monitoring student
work, selecting responses to share, and sequencing and connecting student responses to
promote deep understanding of mathematical ideas.
Davis (1997), Franke et al. (2009), and Schleppenbach, Perry, Miller, Sims, and
Fang (2007) each focused on the specific teacher discourse move of questioning. Davis
studied the classroom of one middle school teacher and framed his discussion around
different types of listening. Over a two-year period, Davis and the teacher observed each
other teaching, participated in reflective conversations about that teaching, planned
instruction together, reviewed relevant reform literature and co-taught some lessons.
Throughout that time, Davis collected artifacts and field notes that were later analyzed to
produce a framework for teacher listening. Davis presented the framework through
vignettes of his participant’s classroom. In it he identified three different types of
listening: evaluative (listening for correct responses), interpretive (listening to
understand student thinking), and hermeneutic (listening to determine the next direction
for mathematical exploration). Included in his discussion of each type of listening were
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the types of questions that a teacher who was practicing each type of listening might ask
during instruction. Thus, Davis’ research was focused on the types of the questioning
along with listening.
Franke et al. (2009) and Schleppenbach et al. (2007) also focused on questioning
in their research. However, their methods highlighted not only the quality of the
questions but also the quantity of each type. Franke et al. studied three elementary
teachers as they taught lessons on relational thinking and closely examined the effect on
student discourse of different types of follow-up questions used during the lessons. The
teachers had been involved in professional learning on Cognitively Guided Instruction for
more than a year at the time of the study. The researchers video-taped each participant
teaching the same lesson to his or her own students. Through analysis of carefully
identified segments of instruction, the researchers found that the follow-up questions
asked after a student response to an initial question positively impacted the quality of
student explanations.
Schleppenbach et al. (2007) examined the use of extended discourse in Chinese
and U.S. elementary classrooms. The researchers video-taped 17 Chinese and 14 U.S.
4th or 5th grade lessons on the topics of equivalent fractions or adding fractions.
Instruction in the videos was broken into specifically-identified segments of instruction
which were then coded for the types and frequencies of questions asked. Quantitative
comparisons showed that the Chinese lessons included more extended discourse whereas
the U.S. lessons included less extended discourse and the discourse was centered on
mostly procedural discussions.
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Both Franke et al. (2009) and Schleppenbach et al. (2007) first clearly defined the
types of questions they were coding in the qualitative analysis portion and then
administered quantitative tests to compare quantities of different types of questions.
Franke et al. identified five categories of teacher questions: specific questions (questions
related to a student explanation); probing sequences (two or more questions related to a
student statement); leading questions (questions a teacher used to guide students to a
particular response); general questions (questions not related to a student statement), and
other. The categories outlined by Schleppenbach et al. were more specific in the
information that was requested. Their categories of teacher statements and questions
included: request for computation, request for procedure, request for reasoning, request
for rule recall, check for agreement or understanding, teacher explanation, praise, and
restatement or revoicing.
Kazemi and Stipek (2001) worked with a subset of data from a larger study to
identify the differences between classroom discussions in high-press classrooms as
compared to low-press classrooms in 4th and 5th grade. High-press classrooms were
identified as classrooms in which students are required to explain their thinking
mathematically and are questioned until they produce such explanations. Participants
were selected from the larger research study based on their previously-identified scores in
the areas of “press for learning” and “positive affect.” The four participants selected for
the Kazemi and Stipek study all scored high on the positive affect scale, identifying these
classrooms as non-threatening environments where enthusiasm for mathematical learning
was evident. In addition, two of the selected participants scored high on the press for
learning scale and the other two were lower on the press for learning scale. The selection
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of these four participants allowed Kazemi and Stipek to focus on their research on
analysis of the subtle differences between high-press classrooms and low-press
classrooms. Kazemi and Stipek provided description of the specific actions those
teachers in high-press classrooms took, thus describing a subset of teacher discourse
moves. They found that high-press classrooms were characterized by four features:
explanations required mathematical argument rather than simply a procedure;
mathematical thinking involved connections between strategies; errors were viewed as
opportunities for learning and exploration; collaboration, accountability, and consensus
for mathematical argumentation were prevalent.
Research examining change in classroom discourse. In addition to research
focused on describing mathematics classroom discourse, there exists a body of literature
that reports on studies designed to change the classroom discourse of teachers to be more
aligned with reform-oriented practices. Davis (1997), Herbel-Eisenmann and Cirillo
(2009), Hufferd-Ackles et al. (2004), Nathan and Knuth (2003), and Nicol (1998) each
examined aspects of teacher change as related to discourse practices.
Davis’ (1997) research, as described previously, followed one teacher over the
course of a two-year collaboration. Davis argued that, though he did not establish a
cause-effect link with his research, there are elements of change that occurred and were
most likely affected by the research project. Through the discussions guided by lesson
transcripts that Davis had with the teacher, the teacher noted that she could see the
impacts of pedagogical theories on teaching and soon after changed her teaching practice.
Throughout the article, Davis pointed to the ways in which the research process
encouraged change in the teacher’s practice.
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Herbel-Eisenmann and Cirillo (2009) were deliberate in their research project to
enact teacher change. They led a professional learning community made up of three high
school teachers and five middle school teachers as they participated in action research
focused on discourse moves. After collecting baseline data (in the form of classroom
observations), they began their four-year project by reading literature on classroom
discourse with their participants. The group also created beliefs maps of their own
pedagogical beliefs and reflected on baseline data collected in order to determine a target
area for professional improvement. Following these activities, the participants selected
an area of discourse that they wanted to improve in their teaching. The project continued
through cycles of individual action research in which Herbel-Eisenmann and Cirillo
video-taped classroom teaching and collected quantitative data focused on specific areas
of classroom discourse. Quantitative data included word counts, analysis of verb types
used (thinker, doer), and direction of classroom dialogue. Allowing the teacherresearcher participants to craft their own agenda for improvement led to a variety of
change agendas. These agendas included: improving the use of technology, analyzing
the use of “revoicing,” and changing one’s practice to better match beliefs statements. In
this way, the entire research project was concerned with helping teachers improve their
practice with specific attention on the use of classroom discourse. Each participant in
this project had their own growth dependent on their personal agenda. However, all
participants found that the influence of literature, reflection, and community transformed
the ways in which they thought about and talked about their teaching practice and helped
them to enact strategies in their classrooms that improved the ways in which their
students interacted with mathematics.
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Hufferd-Ackles et al. (2004) studied four elementary teachers in an urban
elementary school where most of the students spoke English as a second language. Over
the course of the study, one 3rd grade teacher showed distinct changes in her discourse
practices. Though other participants in the project are referred to and used to establish
reliability for their framework, the change in this one teacher was the basis for the mathtalk framework that the authors constructed. The teachers were video-taped during
instruction twice each week and the videotapes and observer notes were analyzed by the
research team for themes and changes in instruction. The researchers identified four
factors that characterized the different levels of math-talk in classrooms: questioning,
explaining mathematical thinking, the source of mathematical ideas, and responsibility
for learning. The creation of the math-talk framework was based on descriptions of the
one teacher’s classroom as she made the transition from a teacher-centered classroom to a
student-centered classroom. I will describe the framework more thoroughly in the
theoretical framework section of this chapter.
Nathan and Knuth (2003) reported on the practice of one 6th grade teacher as she
participated in a reflection cycle with the researchers. The authors noted that “it was not
the intention of the team to try to change Ann’s beliefs or goals” (p. 182); instead they
simply interacted with the participant as she enacted her own change. During the first
year of the project, the researchers videotaped the participant teaching. The following
summer, they reviewed the videotapes of classroom lessons and then followed a protocol
that helped the teacher recall her motivation for her various practices. They then assisted
the participant as she reflected on the effectiveness of her practices in meeting her
established goals and matching her beliefs. Through this process, the teacher made
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changes to her practice, particularly in the area of classroom discourse. For example, she
increased the amount of horizontal conversation (student-to-student) and decreased the
amount of vertical conversation (student-to-teacher). The teacher also became aware of
imbalances between monitoring the social aspects of classroom discourse and ensuring
that students were learning the mathematical content.
Nicol (1998) analyzed the tensions experienced by 14 pre-service elementary
teachers as they struggled to develop practices that engaged their students in
mathematical communication. Throughout a semester-long course, Nicol video-taped
classroom interactions, interviewed the pre-service teachers, and gathered class artifacts
such as written reflections and other assignments. She also audio-taped and video-taped
the pre-service teachers teaching 6th and 7th grade students. Nicol used a framework of
questioning, listening, and responding to pre-service teachers in order to focus her
analysis of student growth. For instance, in one pre-service teacher’s journal the preservice teacher discusses the difficulties in questioning and notes “I think that it is really
important to allow the kids more time to describe things in their own words and to give
them the proper wait time to do this” (p. 55). Nicol then described the changes that the
pre-service teacher was able to enact in her practice: using more open-ended questions to
elicit student thought at the beginning of discussions and inviting other students to
respond to each other rather than responding herself. Through this study, Nicol described
the ways in which the pre-service teachers changed their use of listening, responding, and
questioning as they grew into teaching in reform-oriented ways.
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Summary
In this literature review, I have highlighted research on how teachers change
general pedagogical practices and on the ways in which classroom discourse is
characterized. I also blended the two areas with a review of literature focused
specifically on the ways in which teachers change their classroom discourse practices. It
is notable that much of this research was conducted in elementary or middle school
settings with little focus on high school mathematics teachers. In the following section, I
will describe the theoretical framework for the present study which was based on the
previous review.
A Theoretical Framework
Ideas involving the structure of teacher beliefs, the positions of intellectual
development and productive classroom discourse provide a frame within which to situate
this study. The structure of teacher beliefs and stages of intellectual development lend
perspective on how to think about teacher change. Discourse practices include a variety
of features such as teacher moves, listening, and attention to mathematical language
which are useful in characterizing classroom practice.
A Framework for Teacher Change
Although there are varying opinions on how teachers change, most agree that
teachers’ beliefs about mathematics and its teaching and learning play a significant role.
The other significant factor affecting how teachers change is their openness to new ideas,
which has been characterized in research as an element of intellectual development.
Teacher beliefs. The term belief is often tangled with other terminology (such as
affect, knowledge, and conceptions) in the literature. According to Pajares (1992),
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beliefs are based on personal judgment and evaluation, whereas knowledge is based on
widely accepted facts. Thus, beliefs are not necessarily determined by valid evidence
(Green, 1971; Thompson, 1992), whereas knowledge is. Furthermore, what one person
holds as a belief may be held by another as knowledge (Philipp, 2007). Beliefs and affect
differ in that beliefs are thought to be cognitive structures whereas affect has to do with
emotion. Conceptions are mental structures in which affect, beliefs, and knowledge are
encompassed (Philipp). In this study my focus is on beliefs. For the purpose of this
study beliefs are defined as the filter through which knowledge and experience are
interpreted and made meaningful (Pajares). Thus, beliefs are the perspective through
which decisions toward an action are made (Pajares, Philipp).
Structure of beliefs. Green (1971) posited a theoretical structure of beliefs that is
often referred to in the literature (e.g., Cooney et al., 1998; Cross, 2009; Leatham, 2006).
Green asserted that beliefs are not held in isolation; rather they are part of a belief system
in which beliefs are logically related to each other, in a manner called quasi-logical. The
term quasi-logical is derived from the understanding that beliefs are connected to each
other and have relationships established by reasonable links. The structure is only quasilogical because belief systems may shift, allowing for derivative beliefs to become
primary or vice-versa. Some beliefs are primary beliefs and others are derivative. In
addition, some beliefs are held centrally whereas others are more peripheral. In contrast
with the stable central beliefs, peripheral beliefs can change through investigation and
discussion of ideas. Green posited that these descriptors are independent of each other,
such that a primary belief may be central or peripheral, and likewise for a derivative
belief. Another feature of this framework is that beliefs can be held evidentially (based
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on evidence or reasons) or non-evidentially (without regard for reason). Furthermore,
beliefs are held in clusters that do not interact. The cluster element of Green’s framework
allows for a person to hold conflicting beliefs without perceiving a perturbation to their
belief system.
Building on Green’s (1971) framework, Pajares (1992) reviewed the diverse
definitions of beliefs found in the literature and discussed characteristics of beliefs as a
way of defining the term. He concluded that the earlier a belief is formed the more stable
the belief. More recently formed beliefs are easier to change than others, though many
central beliefs can resist change even in the face of incontrovertible facts regardless of the
length of time held. Changes in beliefs have been attributed to the social context in
which beliefs are enacted, with the understanding that beliefs and knowledge are socially
constructed (Ernest, 1988; Gates, 2006). Ernest also asserted that consciousness of one’s
own beliefs also plays a role in whether or not beliefs change.
Within this framework for viewing beliefs, it is possible for a person to exhibit
beliefs that appear contradictory. Mathematics education researchers have attempted to
explain the contradictions and find a root cause for them (e.g., Raymond, 1997).
Leatham (2006), however, proposed that teacher beliefs should be viewed as sensible
systems that are organized and clustered in ways that make sense to the individual.
Therefore, researchers should assume that these inconsistencies do not exist and instead
search for ways of understanding how teachers’ beliefs and actions are aligned (Leatham;
Philipp, 2007).
Mathematics teachers’ beliefs. Turning to the specific discussion of mathematics
teachers’ beliefs requires consideration of beliefs about the nature of mathematics, beliefs
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about the learning of mathematics, and beliefs about the teaching of mathematics (Ernest,
1988). These areas of beliefs have been connected to teacher practice with varying
degrees of consistency (Cross, 2009; Franke et al., 2001; Nathan & Knuth, 2003;
Thompson, 1992). Ernest asserted that the inconsistencies found in research can be
attributed to the environmental impacts on the formation of teacher beliefs such as school
culture and political climate.
Beliefs about the nature of mathematics. Beliefs about the nature of mathematics
vary along a scale from absolutism to fallibilism. Absolutists view mathematics as a
static body of facts, while fallibilists assert that mathematics is the product of human
creation, open to proof and conjecture, and therefore uncertain (Ernest, 1991; Lerman,
1983). This scale was separated into three categories by Ernest: the problem-solving
view, the Platonist view, and the instrumentalist view. The instrumentalist view is
absolutist in nature, viewing mathematics as a set of procedures and tools to be applied in
a given manner. The Platonist view moves slightly away from the instrumentalist view
by asserting that mathematics is a unified and connected body of knowledge. However,
Platonists are not related to fallibilists because they still view mathematics as waiting to
be discovered rather than created. The problem-solving view (most closely related to the
ideals of reform-oriented mathematics teaching) includes a picture of mathematics as a
human creation that is changing and unfinished (Ernest). Alignment with the extremes of
Perry’s (1968/1999) scheme (dualism and relativism) is noteworthy. Absolutists share
the dualistic position of dividing knowledge into right and wrong, whereas fallibilists
share the relativistic position of analyzing connections between ideas (Ernest; Perry).
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Beliefs about learning mathematics. Beliefs about learning mathematics also fall
into categories which align closely with those of the nature of mathematics. One
perspective on learning mathematics, an acquisition view, is that learning is primarily the
acquisition of mathematical knowledge, where the learner is submissive and passively
receives knowledge the teacher imparts. In an acquisition-oriented classroom, learning is
merely a receptive process where communication plays a limited role. In this orientation,
students are compliant and work to master static procedures (an absolutist perspective).
Another perspective depicts learning that is still not active construction but does involve
the reception of knowledge along with mastering procedural rules. In this perspective,
explanation for why mathematical ideas are reasonable is accomplished with deductive
reasoning led by the teacher. The final perspective views learning as an independent
exploration of mathematics. A perspective that is in opposition with the acquisition
model for learning, this independent exploration and learning is a process of active
construction involving autonomy and participation in mathematical discovery (Ernest,
1988; Lampert & Cobb, 2003). Associated with fallibilism, this form of learning makes
use of communication and problem solving both as a means to learning and as a product
of learning (Ernest; Lampert & Cobb).
Beliefs about teaching mathematics. Closely related to beliefs about the nature of
mathematics and the learning of mathematics, beliefs about the teaching of mathematics
can be separated into four distinct views: classroom-focused, content-focused
emphasizing procedures, content-focused emphasizing conceptual understanding, and
learner-focused (Kuhs & Ball, 1986). The classroom-focused model of teaching assumes
that learners are compliant and that the instructor directs all learning. The content-

36

focused classroom with emphasis on procedures aligns with the instrumentalist/absolutist
view of mathematics as a body of static procedures to be mastered. In this type of
classroom, learning is measured by the correct performance of procedures. The contentfocused view with emphasis on conceptual understanding is a view of teaching rooted in
Platonism. In this view, teachers are explainers of reasoning and learning is measured
not just by the completion of procedures but by the understanding of the reasoning behind
the procedure. The final view of teaching, learner-focused, involves the teacher as
facilitator of learning. The role of the teacher is to pose problems and encourage student
exploration (Ernest, 1988; Kuhs & Ball). Table 1 summarizes the descriptors of beliefs
about the nature, teaching, and learning of mathematics.
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Table 1
Summary of Beliefs about Mathematics
Nature of Mathematics
Teaching Mathematics
Learning Mathematics
Instrumentalist:
Classroom-focused:
Acquisition:
absolutist
students are compliant
learning is acquisition of
knowledge
mathematics is
teacher directs all
static, exists, and to
learning
learner is submissive
be discovered
Content-focused
learner must master static
procedures
a set of discrete tools (emphasizing procedures):
absolutist/instrumentalist
learning is measured by
correct performance of
procedures
Platonist:
Content-focused
Transitional view:
(emphasizing
conceptual
mathematics is
learning is reception of
understanding):
unified and
knowledge
connected
teachers explain
learner masters procedural
reasoning
rules
mathematics exists
and to be discovered
learning measured by
deductive explanations for
explanation of reasoning
why ideas are reasonable
provided by the teacher
Problem-Solving:
Learner-focused:
Participation:
fallibilist
teacher is facilitator of
learning is independent
learning
who
poses
exploration of
mathematics is
problems
mathematics
created and evolving
student exploration is
learner actively constructs
encouraged
mathematical ideas
learning involves problem
solving and
communication

Developmental theory. As discussed earlier, I have chosen to frame notions of
developmental theory with Perry’s scheme (1968/1999). The scheme includes nine
positions which are often condensed into four positions in the literature: dualism,
multiplism, relativism, and commitment in relativism. Those who are intellectually at the
position of dualism view the world as right or wrong and see learning as the process of
getting the right answer. There is no tolerance for alternate views and authority is not
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questioned. Higgins and Powell (2011) found that pre-service teachers at this position
believe that there is one right way to teach and that it is their job to learn how to teach in
this way.
In the position of multiplicity there is an acknowledgement that other opinions
exist and this leads to uncertainty. That uncertainty, in turn, generates the knowledge that
all things are not necessarily known and that those in authority are still searching for truth
(Perry, 1968/1999). For those in Higgins and Powell’s (2011) study, this translated into
the idea that the right way to teach is not yet known, but will be identified at some time in
the future. There is also a distrust of authority, whether that authority was a university
professor, published texts, or other knowledgeable experts.
The position of relativism was inferred in Perry’s (1968/1999) study and is a
position of transition. Those in the position of relativism view knowledge as relative and
contextual. A relativist has a more complex view of the world than the dualists and
senses the broadness of new possibilities with this new way of thinking. Higgins and
Powell (2011) found pre-service teachers in this position to be aware of themselves as
makers of meaning and able to consider the quality of an argument by evaluating
evidence.
The final position, commitment in relativism, describes those who have developed
intellectually to the point where they are able to view life as a series of choices. Those
choices can be evaluated by evidence provided from a variety of contexts and
perspectives (Perry, 1968/1999). For the pre-service teachers in Higgins and Powell’s
(2011) study, this was displayed by the realization that choosing a teaching method is an
ongoing activity. Additionally, the pre-service teachers were able to reflect on their own
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activities and evaluate them based on evidence from a variety of sources. A summary of
the positions of intellectual development is provided in Table 2.
Table 2
Summary of Perry’s Positions of Intellectual Development
All ideas are right or wrong
Learning is a process of finding the right answer
Dualism
There is a right way to teach

Multiplicity

Relativism

Commitment in
Relativism

All knowledge is not yet known
Distrust of authority
The right way to teach is not yet known
Knowledge is relative and contextual
Sense of new possibilities
Teachers view themselves as active makers of meaning
Life is a series of choices
Choices are made by evaluating a variety of evidence
Teachers are able to reflect on their own work and evaluate it
based on evidence

A Framework for Classroom Discourse
In order to discuss possible changes in the practice of the study participants, a
way of characterizing classroom practice is necessary. As discussed in Chapter 1, I have
chosen to characterize classroom practice through the lens of classroom discourse.
Analysis of mathematics classroom discourse provides a window to the ways in which
students come to understand mathematics and to the ways in which teachers believe
students learn. With conceptual understanding of mathematics as the goal for classroom
discourse, characterization of discourse is greatly needed. A variety of frameworks have
been proposed for characterizing classroom discourse and the various aspects of
discourse that influence productive discourse.
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Hufferd-Ackles et al. (2004) described mathematics classroom discourse
according to the level of “math-talk” (p. 82). They identified four components:
questioning, explaining mathematical thinking, source of mathematical ideas, and
responsibility for learning. For the question component, the researchers noted both who
asked questions (either teacher or students) and the purpose of those questions (either to
seek answers or to understand mathematical thinking). The second component of the
framework, explaining mathematical thinking, described how students provided answers
and explanations. In lower math-talk levels, students provided one-word responses and
rarely offered explanations. At the highest level, students provided unprompted
explanations in which they justified their reasoning. The third component, source of
mathematical ideas, examined the origin of ideas in the classroom (teacher, student, or
outside sources). The final component, responsibility for learning, examined who
evaluated answers to questions (teacher or students) and who provided feedback during
mathematical discussions (teacher or students). The responsibility for learning referred
not only to students being held responsible for their own learning, but also students being
held responsible for the learning of other students.
The Math-Talk (Hufferd-Ackles et al., 2004) framework provided an account of
how the level of math-talk increased through four levels which they identified as Level 0,
Level 1, Level 2, and Level 3. As the level of math-talk increased, there was a shift
within all four domains from the teacher as solely responsible for classroom talk to the
teachers and students sharing responsibility. As the level rises, questioning became an
act that students initiated, students became more articulate in explaining their
mathematical ideas, and the source of and responsibility for learning mathematical ideas
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shifted to the students. This can also be characterized as a shift from a low-press
classroom (in which student responses are not probed to push toward conceptual
understanding) to a high-press classroom (in which the focus is on encouraging students
to elaborate and justify their mathematical thinking) (Kazemi & Stipek, 2001).
Discourse moves. There is general agreement among researchers that there are
important and specific practices that teachers enact to establish a classroom community in
which discourse is productive (Chapin, O’Connor, & Anderson, 2009; HerbelEisenmann & Cirillo, 2009; Rasmusssen, Kwon, & Marrongelle, 2008; Smith & Stein,
2011). First, productive discourse is usually centered on worthwhile tasks that offer
opportunities for conversation. Teachers must create the opportunities for discourse to
occur through selecting appropriate tasks and inviting students to participate (Chapin et
al.; Herbel-Eisenmann & Cirillo; Smith & Stein).
Discourse moves including monitoring (Smith & Stein, 2011), adding on (Chapin
et al., 2009), repeating or revoicing, and questioning (Chapin et al.; Herbel-Eisenmann,
2009; Rasmussen, Kwon, & Marrongelle, 2008) are essential during the implementation
of high-cognitive demand tasks. Rather than quickly evaluating a student response,
which causes student thinking to stop, extending ideas in a variety of ways promotes
student thought. Asking students to revoice or restate each other’s ideas and probing for
clarification also deepens students’ conceptual understanding. Teachers enact this
practice by repeating student responses with more precise mathematical language or
rephrasing the students’ statements along with asking probing questions such as “Can you
tell me what you mean by that?” or “Can you provide justification for that idea?”
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Considering the timing within discussions is another essential element of
productive discourse. Wait-time after asking a question encourages students to think and
allows for students who need more time to process their thoughts to have a chance to
enter the conversation (Chapin et al., 2009). Herbel-Eisenmann (2009) noted that wait
time after a student answers a question is even more important than after asking a
question. When wait-time after a student response is given increases, the student
responses become more complex (Herbel-Eisenmann). Along with consideration of wait
time, sequencing questions and contributions also enhances classroom discourse. A
teacher might observe students working on the task prior to the whole class discussion
and strategically decide which solutions should be presented and in which order (Smith &
Stein, 2011). A teacher might also sequence the order of questions asked in order to
promote high-level thought (Herbel-Eisenmann). Timing, either of silence or of talk, can
contribute to or detract from productive discourse.
Listening. None of the aforementioned discourse moves can be properly enacted
without the use of listening. “Communication is a two-way process. Communication
needs a listener as well as a speaker. Mathematical communication can take place
effectively only if all participants are prepared to adopt both roles, to listen actively as
well as to talk” (Pirie, 1996, p. 105). Davis (1997) characterized the ways in which
teachers listen in the classroom in three ways: evaluative listening, interpretive listening,
and hermeneutic listening. Teachers practicing evaluative listening use questions that
“strive for unambiguous explanation” (p. 360) and for which the responses do not disrupt
the planned order of lessons. The purpose of this type of listening is to determine if the
student can repeat the correct answer. Types of questions aligned with this form of
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listening include basic recall, simple calculation, and other response seeking questions in
which the teacher is listening for a specific answer. Examples of questions that might be
asked when practicing evaluative listening are: “What is the sum of 1/8 and 5/8?” or
“You have the right answer, but can you explain it mathematically?” (adapted from
Davis, p.358). Teachers using interpretive listening are more interested in using
questioning to better understand their students’ thinking. Rather than leading students to
specific forms of explanations, teachers ask information seeking questions that elicit
students’ thinking about the ideas. For example, “You mentioned two things there: a

number and a sign. Can you say any more about those things?” (p. 362).
The practice of hermeneutic listening involves the teacher as an active participant
in the mutual creation of mathematical understanding. Teachers practicing hermeneutic
listening will use students’ responses to determine the direction of future questioning or
exploration. Without careful and purposeful listening, the teacher cannot practice the
productive moves of probing, questioning, and creating opportunities for learning. In the
context of a high-level math-talk learning community, hermeneutic listening is essential
to allow students to take responsibility for the authority and learning that takes place.
Hermeneutic listening may revolve around students presenting multiple solutions to a
problem followed by the teacher asking for explanations as to why each solution is
correct (Davis). In this format, the teacher allows students’ mathematical ideas to
determine the direction for the lesson. A summary of the descriptors of classroom
discourse is provided in Table 3. The information in this table is a compilation of the
research by different authors discussed in this portion of the framework.
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Table 3
Summary of Descriptors of Discourse Levels
Teacher is only questioner
Teacher uses evaluative listening
Answers alone are requested (no explanation)
Level D
Students do not offer their own ideas
Direction of talk is teacher to student

Level C

Level B

Level A

Teacher includes some probing of student thinking but fills in
explanations
Students only provide brief descriptions of their thinking
Student ideas are raised but not explored
Direction of most talk is teacher to student
Student-to-student talk includes only explanation of how they solved
a problem
Teacher asks more probing questions
Students ask questions of one another
Teacher uses interpretive listening and uses some discourse moves
such as wait time, revoicing, redirecting
Student ideas are explored and built on
Direction of talk includes student-to-student and teacher-student
Teacher provides rich problems that allow for engagement in rich
mathematical discussions
Students initiate mathematical conversations between themselves and
with the teacher
Student ideas are the basis for investigation and sometimes determine
the direction of lessons
Student explanations are clear and thorough
Teacher uses hermeneutic listening

The description of productive mathematics classroom discourse presented in the
literature paints a picture of a highly interactive environment in which student ideas are
explored and valued. Specific moves enacted by the teacher help to create a community
in which students share ideas with each other and challenge each other’s reasoning as
well as learning to speak like mathematicians. With this picture in mind, it is it important
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for mathematics teacher educators to consider how teachers do or do not change their
practices to embody this image.
The Mathematics Teaching Cycle
In the preceding section, I presented frameworks for characterizing teachers’
beliefs, position of intellectual development and classroom discourse practices which
were used throughout the data collection and analysis for this study. As data analysis
progressed, it became important to have a framework for the way in which these
constructs come together with classroom practice. Simon (1995) introduced a model of
how teachers make decisions, the Mathematics Teaching Cycle (MTC), developed as a
result of a critical examination of his own teaching of a novel problem to prospective
elementary teachers. He proposed the MTC as a framework through which to understand
the relationship between teacher’s knowledge, the hypothetical learning trajectory
(proposed lesson goals and activities), and assessment of students’ knowledge in a
classroom characterized by reform-oriented teaching practices (Figure 1).
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Figure 1. Abbreviated Mathematics Teaching Cycle (Simon, 1995, p. 136).
Simon (1995) posited that teachers use the knowledge they have to plan a lesson
for their students that has a particular learning goal and proposes a possible learning path.
That path cannot be known because students interact with the lesson and sometimes
move the lesson in directions not intended by the teacher. The assessment of student
understanding then further develops the teacher’s knowledge and the process cycles
through again. Simon argued that this model of teaching places student thinking at the
forefront of classroom practice and requires teachers to continually collect data about
their students’ thinking. He also proposed that this model supports the idea that teachers
and students evolve together in the classroom and that change, both for students and
teachers, is always present.
In a later publication, Simon (1997) revised the label “Assessment of students’
knowledge,” replacing it with “Interactions with students.” This change shifts the focus
from traditional visions of student assessment (e.g., testing) to a more reform-oriented
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vision of understanding student thinking through discourse. In the revised and expanded
model (Figure 2), Simon delineates the importance of classroom discourse (interactions
with students) and separates Teacher’s Knowledge into components including knowledge
of mathematics, models of student knowledge, and conceptions of mathematics learning
and teaching. He also notes that the MTC is individual and will vary among teachers.

Figure 2. Revised and expanded Mathematics Teaching Cycle (Simon, 1997, p. 79).

For this study, I used the revised model (Figures 2 and 3) as a framework for
comparing the study participants’ beliefs about the nature, teaching, and learning of
mathematics, position of intellectual development, and classroom discourse practices. I
view “Interactions with students” and “Hypothetical learning trajectory” as being
described by classroom discourse practices. The elements of that category include the
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ways in which teachers communicate with their students and are characterized in my
framework for classroom discourse: posing problems, facilitating discourse, probing
student thinking, and establishing a community of discourse. My frameworks for
teachers’ beliefs about the nature, learning, and teaching of mathematics and for position
of intellectual development are found within the Teacher’s Knowledge element of the
MTC, which Simon denotes as feeding into the Hypothetical Learning Trajectory.
Simon’s components of Teacher’s Knowledge include teacher’s conceptions of the topic
and perspectives on knowledge and learning which are directly tied to my frameworks for
beliefs and intellectual development.

Figure 3. Revised and abbreviated Mathematics Teaching Cycle
(Simon, 1997, p. 77).
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In this chapter, I reviewed research on teacher change and mathematics classroom
discourse and described a theoretical framework upon which I based my investigation.
My study was designed to focus on the beliefs, positions of intellectual development, and
discourse practices of practicing and pre-service mathematics teachers in a high school
setting and to investigate the relationship of these constructs to the participants’
interactions with a site-based mathematics methods course and internship. In the next
chapter I will discuss the methods through which this study was accomplished.

CHAPTER 3: METHODOLOGY
Existing research on the topic of mathematics classroom discourse lacks
exploration of the ways in which pre-service teachers establish or practicing teachers
change their discourse practices (and thus their pedagogy) at the secondary level and the
influences that shape their classroom practice. Although we have much research on
productive discourse practices (Chapin et al., 2009; Herbel-Eisenmann, 2009; HufferdAckles, Fuson, & Sherin, 2004; Schleppenbach, Perry, Miller, Sims, & Fang, 2007;
Smith & Stein, 2011) there is a gap in the research concerning how secondary pre-service
teachers begin to make use of these practices and how working with collaborating
teachers during field experiences impacts all participants in the collaboration. In this
research, I studied the participants in a site-based secondary mathematics teacher
preparation program, with particular attention to the participants’ beliefs and position of
intellectual development and the relationships between these and their interaction with
the program. The research question for this study was: How do the lenses of
mathematics teachers’ beliefs and position of intellectual development explain
participants’ changes as they interacted with a site-based mathematics methods course
and internship?
Study Design
Qualitative case study methodology was chosen for this research project because
the goal of the study was “an in-depth description and analysis of a bounded system”
50
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(Merriam, 2009, p. 40) where the system was bounded by a methods course and
internship in one particular teacher preparation program. With questions concerning how
and why participants developed or changed their classroom discourse practices, and a
variety of data sources available within the setting, case study was the logical
methodology for this research. Built on the existing literature involving teacher change
and classroom discourse, the guiding research question for this study was: How do the
lenses of mathematics teachers' beliefs and position of intellectual development explain
participants' changes as they interacted with a site-based mathematics methods course
and internship?
Setting
This study was set within a methods course and internship that was a
collaborative effort between Valley State University (VSU) and a school system, Troy
County Schools, in a southeastern state (all site names and person names are
pseudonyms). VSU is the third largest university and the second largest preparer of
teachers in the state, serving more than 23,400 undergraduate and graduate students. The
Mathematics Education faculty at VSU are actively involved in statewide and national
mathematics curriculum and teaching issues including writing and revising state
curricula, training of pre-service and in-service teachers, and general advocacy for the
state and national mathematics programs.
The site-based methods course under study was housed in the oldest high school
in the Troy County system, Washington High School, during the 2011-2012 school year.
During the 2010-2011 school year (the year prior to this study), the entire Troy County
system served a student population of over 100,000 students with 43% of those students
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economically disadvantaged and 9% English Language Learners county wide (as defined
by the state department of education and No Child Left Behind (NCLB, 2002) criteria).
In that same school year, Washington High School had a population of 1745 students, of
which 84% were economically disadvantaged and 15% were English Language Learners.
The community served by Washington High School was transitioning as more
economically disadvantaged immigrant families moved into the area. A large portion of
the community was also transient, with families frequently moving in and out of the area
throughout the school year. This created both opportunities and challenges for the
school. The opportunity to build upon diversity was emphasized in mission statements.
Meanwhile, the school had been in Needs Improvement status, under the Adequate
Yearly Progress (AYP) standards of the federal No Child Left Behind Act, for more than
five years. Student scores on tests used for AYP accountability fell short of the required
averages in both mathematics and language arts and the students with disabilities and
Hispanic subgroups performed at even lower levels than the school average. With low
test scores, a 2010 graduation rate of 73.9%, and a high teacher turnover rate, the school
failed to reach the standards of the No Child Left Behind policy.
Access
The collaborative work between VSU and Troy County Schools was the result of
a multi-million dollar federal grant funded by the U.S. Department of Education. The
overarching goal of the grant was to address student learning issues in high-need schools
by focusing on reformatting teacher preparation. A Professional Development School
(PDS) model was developed working with the initial preparation of teachers, support of
teachers during the first two years of teaching, and ongoing professional learning
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opportunities for all teachers in the PDS. A research academy was also created to support
and oversee the various research projects that took place within the PDS.
As a part of the teacher preparation initiatives of the grant, an Urban Education
Option (UE) was created within the existing teacher preparation program at VSU. In the
UE program, cohorts of up to 25 elementary teacher candidates, 16 middle grades teacher
candidates, and 16 secondary teacher candidates attended a majority of their education
classes at a school in the Washington High School cluster within the Troy County
system. The cluster of schools was defined as all the elementary and middle schools that
sent students into Washington High School. The middle and high school cohorts
consisted of up to four teacher candidates (henceforth called interns) in each of the core
subject areas: mathematics, language arts, science, and social studies. Classes in the UE
program offered interns the chance to learn how to deal with issues in high-need schools
with additional opportunities (beyond those offered in the traditional preparation
program) for observation within the setting. The last year of the program for secondary
interns (an internship year) was held entirely within Washington High School where the
interns were paired with one collaborating teacher for the entire school year. The first
semester of the school year the interns participated in a methods course with a corequisite field experience. The second semester of the school year, the interns continued
working with the same collaborating teacher while they completed their student teaching
requirement. The same university professor, Dr. Whitney Strickland, co-taught the
secondary mathematics methods course and then served as the university supervisor
during the student teaching semester. The methods course was co-taught with a faculty
member from the Washington High School mathematics department, Mrs. Natalie Smith.
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This research was conducted with the approval and financial support of the grant’s
research academy during the first year in which the UE offered the methods course and
student teaching internships.
The design of the methods course was aligned with the vision of reform-based
mathematics teaching as outlined in the National Council of Teachers of Mathematics’
(NCTM) publication Principles and Standards for School Mathematics (2000). Students
were expected to read and reflect on several NCTM articles and texts, including: 5
Practices for Orchestrating Productive Mathematics Discussions (Smith & Stein, 2011);
Focus in High School Mathematics: Fostering Reasoning and Sense Making for All
Students (Strutchens & Quander, 2011); and Assessment: A Practical Handbook for
Grades 9 – 12 (Bush & Greer, 1999). Reflection on the level of cognitive demand
observed in lessons for different ability levels of students, the ways in which students are
assessed formatively and summatively, equity through differentiation, how teachers
listened to students, and how teachers orchestrated discourse in their classes was woven
throughout the course. The emphasis on classroom discourse was a unifying feature of
the course discussions, readings, and assignments. Throughout the year, discussions
returned to the Smith and Stein’s 5 Practices for Orchestrating Productive Mathematics
Discussions as issues related to formative assessment, classroom engagement, and lesson
design arose. Hereafter, this text will be referred to as 5 Practices as that is how
participants referred to it. In addition to written reflective responses to readings and
formal written assignments that highlight the aforementioned topics, students designed
and implemented one unit of instruction in their field placement during this course. A
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goal of this methods course was to encourage the pre-service teachers to reflect upon and
then develop and implement reform-oriented teaching practices.
Although many of the assignments and readings in the UE methods course were
the same as those used in VSU’s traditional on-campus methods course, there were
significant differences between the two courses. The UE methods course was co-taught
by a Washington High school mathematics teacher in her classroom. By meeting in her
classroom, elements of classroom arrangement and available technology were able to be
utilized during methods instruction. Another difference between the two methods
courses was the role of the collaborating teacher. In the UE program, the intern worked
with the same collaborating teacher for both methods and student teaching. Interns in the
traditional course were placed with different collaborating teachers in different schools
for the two field experience portions of their program. In addition, the collaborating
teacher in the UE program was asked to participate in the methods course and become
familiar with the assignments that the intern was required to complete. Collaborating
teachers in the traditional program did not participate in the methods course in any way
and were not expected to be knowledgeable about the methods course assignments.
Washington High School employs a modified block schedule for their school day.
This schedule allows for a variety of class formats within the school. Some classes were
45 minutes in length and were completed over the course of an entire school year
whereas others were 90 minutes in length and were completed in one semester. The
participants in this study taught on different models of the block schedule, both at
Washington High School. One participant taught classes on the 90 minute, 4 x 4 block
schedule, so that her students completed an entire course credit in mathematics in one
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semester of the school year and she had entirely different classes for the second semester.
Another participant taught in a different format. His classes were 90 minutes in length
and he kept his same students for the entire school year. These freshmen mathematics
classes were designed to be taught at a slower pace and offered students support for
learning the mathematics within their regular mathematics class. He taught the class with
a Special Education co-teacher. These students earned two credits toward graduation by
the end of the school year although they only completed one state mathematics course.
Participants
The participants for this study consisted of the student, collaborating teacher, and
instructor involved with the secondary mathematics portion of the inaugural UE cohort.
The first cohort of secondary mathematics interns in the UE program initially consisted
of four interns. However, due to financial difficulties and scheduling issues, the
population of the mathematics cohort dropped to only one student at the start of the
internship year.
The main focus of data collection was centered on the mathematics intern, David,
and his collaborating teacher, Anthony, along with the Washington High School teacher
who served as the co-instructor for the methods course, Natalie. Anthony was in his
fourth year as a faculty member at Washington High School (his seventh year of teaching
overall). Natalie was in her third year at Washington High School (her 12th year of
teaching overall). All members of the Washington High School mathematics department
participated in an initial survey of mathematics teachers’ beliefs. Students in the
classrooms of the intern and the methods course co-instructor were not considered
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participants; however, consent and assent was obtained in order to video-record the
students during classroom observations.
Data Sources and Data Collection Procedures
A variety of data sources appropriate for qualitative case-study methodology were
gathered so as to be able to create a thorough and thick description of the events
(Creswell, 1998; Merriam, 2009). The sources were: a survey of mathematics teachers’
beliefs; observations of David, Anthony, and Natalie teaching; individual interviews with
David, Anthony, and Natalie; transcripts of the methods course sessions; collection of
artifacts from the methods course such as responses to writing prompts, written
reflections on course readings, and major assignments; and an instructor’s journal kept by
Dr. Strickland throughout the planning and implementation of the methods course. Each
data source was chosen for its potential to provide information on the participants’ beliefs
about teaching and learning mathematics, the participants’ intellectual development, and
on the pedagogical practices of the participants.
Beliefs Survey
The beliefs survey (which I will more fully describe in the next section) was
administered to the entire mathematics department at Washington High School along
with the intern. The responses from the entire mathematics department served to provide
a more thorough description of the departmental climate in which the internship program
was housed. The survey was used as both a pre- and post-assessment of the collaborating
teacher’s, co-teacher’s, and intern’s beliefs, thus aiding in the identification of changes in
participants’ beliefs. The multiple choice survey measured beliefs about the nature of
mathematics, teaching mathematics, learning mathematics, and classroom discourse.
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The beliefs survey was administered to David at the start of the first meeting of
the methods course. Natalie and Anthony were given the survey at a meeting in which
the research project was introduced during the week before the start of the school year.
They completed the surveys on their own time and returned them to me prior to the first
teaching observations. Pseudonyms were recorded on these three surveys so that
responses could be analyzed concurrently with teaching observations and interviews.
The survey responses were also used to generate interview discussion concerning their
beliefs. For instance, if a participant changed a response from the pre-survey to the postsurvey, that change was explored in the final interview.
The survey was administered to the entire department by the Washington High
School Mathematics Department Chairperson during a regularly-scheduled department
meeting that occurred in September. After reading a brief description of the research
project, the chairperson asked the department members to complete the paper form of the
survey and return it to an envelope at the front of the room. Teachers were informed that
they could opt out of participation by returning a blank survey to the envelope. All
department members chose to complete the survey. During this administration, names
were not recorded on any surveys.
Classroom Teaching Observations
Anthony and Natalie were observed teaching their regularly-occurring
mathematics classes for two series of lessons during the school year. David was also
observed for two series of lessons during the school year as he taught in Anthony’s
classroom. The purpose of each of the observations was to capture the classroom
discourse practices of the participants. Anthony was observed in September, prior to the
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time that David took on a major teaching role in his class. The intent of this observation
was to study Anthony’s teaching practices prior to his interaction with David. During the
second semester of the school year, Anthony was observed at the beginning of the
semester. The second observation was intended to capture any changes the collaborating
teacher made in his practice.
David was also observed twice. During the first semester of the internship year,
David was responsible for designing and delivering one entire unit of instruction over the
course of 10 class days. David was observed teaching the first three days of this unit of
instruction. Although David had been an active and regular participant in the class for
several weeks, this observation recorded the first days that David implemented lessons he
had designed. During the second semester of the school year, David was observed in late
February. This observation was conducted after David had been carrying the full load of
teaching the class for several weeks.
Natalie was observed in October and again in December. Natalie had reservations
about participation in this study, which will be discussed later in the presentation of her
case. I reached an agreement with Natalie that all of her teaching observations would be
completed in one semester, so that she would not have to obtain consent from a second
group of students in the Spring semester.
All observations were scheduled in advance with the participant. Each
observation series included two or three class sessions in a row within one teaching unit
so as to obtain a thorough description of the normal routines in the classroom rather than
a limited snapshot. Each observation was video-recorded and then transcribed by a
professional transcriptionist. The video camera was primarily focused on the actions of
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the teacher. During whole class discussion the camera view was wide enough to capture
class interaction as well as teacher movement. During class sessions that included small
group work time, the camera was moved between groups, following the teacher. In this
way, the most of the interactions between the teacher and the students were captured. For
each observation, the teacher carried a digital voice recorder so that a secondary
recording of the dialogue was collected. All of the video-recording was done by me
except for two observations. Due to schedule conflicts, Dr. Whitney Strickland observed
and video-recorded two lessons in my place. Transcripts were professionally transcribed
using both the video-recording and the audio-voice recording.
Participant Interviews
The collaborating teacher, intern, and methods co-instructor participated in four or
five individual interviews. The semi-structured interviews were conducted by the
researcher at the convenience of the participant in a private room in Washington High
School. Some of David’s interviews took place on the VSU campus following one of
David’s other courses. The purpose of each interview varied and included topics related
to the research questions: participants’ beliefs about teaching and learning, questions to
illuminate level of intellectual development, and questions guiding the participants
through reflection on their teaching and on course readings. The classroom observations
and interviews took place according to the timeline in Figure 4. All interviews were
audio-recorded and then transcribed verbatim by a professional transcriptionist.
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Intern
(David)

Collaborating
Teacher
(Anthony)
Belief Survey
Pre-Assessment
Interview 1
(Beliefs about
nature of
mathematics)

Methods Co-Teacher
(Natalie)
Belief Survey
Pre-Assessment
Interview 1
(Beliefs about nature
of mathematics)

August
2011

Belief Survey
Pre-Assessment

September
2011

Interview 1
(Beliefs about
nature of
mathematics)

Teaching
Observation

Teaching
Observation

October
2011

Interview 2
(Beliefs about
teaching
mathematics)
Teaching
Observation

Interview 2
(Beliefs about
teaching
mathematics and
reflection)

Interview 2
(Beliefs about
teaching mathematics
and reflection)

November
2011

Interview 3 (Beliefs
about learning
mathematics,
reflection on
teaching)
Interview 3
(Beliefs about
learning
mathematics and
reflection)

Teaching
Observation
Interview 3
(Beliefs about
learning mathematics
and reflection)

December
2011

Interview 4
(Reflection on
readings and course)

Teaching
Observation
Interview 4
(Reflection)

January
2012

February
2012

Beliefs Survey
Post-Assessment
Teaching
Observation
Interview 5
(Reflection)

Figure 4. Timeline for data collection.

Beliefs Survey
Post-Assessment
Interview 5
(Reflection)

Beliefs Survey
Post-Assessment
Interview 4
(Reflection)
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Methods Class Observations
The methods course met once each week during the first semester of the school
year, from August until December. Each class session was approximately three hours in
duration. The intern and co-instructors were present for every session and the
collaborating teacher participated on three occasions. The researcher was a participant
observer (Merriam, 2009) in each of these class sessions and contributed to discussion as
appropriate. Class sessions were audio-recorded, capturing the pedagogical and
philosophical discussions that occurred in the class. The rationale for including this data
source was the potential for capturing discussions that explained participants’ beliefs
about mathematics and described struggles to develop their teaching practice.
In addition to participant observation of the class meetings, class assignments
completed by the intern were acquired as artifacts and included as data. Assignments in
the course included regular reflection on class discussions and on assigned readings
related to specific pedagogical practices. Along with major assignments that asked the
intern to make explicit statements about his teaching philosophies, the reflections
provided evidence related to the interns’ beliefs and position of intellectual development.
The intern forwarded to the researcher any assignments that were submitted
electronically. Online discussions that took place on the virtual blackboard for the class
were also retrieved and stored electronically.
Reflective Journals
In addition to the data sources discussed, memos were created by the researcher
throughout the study that served as an additional data source. These memos included
general observations about the study, additional follow up questions to ask the
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participants, and theoretical ponderings about the changes in the participants’ practice.
Dr. Whitney Strickland kept a similar set of memos, an instructor’s journal, throughout
the course. Both of these (researcher memos and instructor’s journal) were stored and
shared electronically and became part of the data used for analysis.
Even though the instructor was a highly-experienced methods instructor at VSU,
this particular methods course in the UE program was being offered for the first time. As
such, the instructor worked collaboratively with other program participants to mold
VSU’s traditional methods course into one which fit within the larger vision of the UE
option. As she did this, she kept a journal that documented her thoughts and observations
about the development of the course content and her collaboration with Natalie. Included
in this journal were e-mail exchanges between the co-instructors that described some of
the changes that Natalie experienced. The journal provided a distinct perspective on the
case-study that added to the overall rigor of the qualitative data collection.
Instruments
Instruments were created to aid in the collection of data from two of the sources:
the belief survey and the interviews. Each instrument was created based on existing
literature and for the purpose of highlighting specific areas within the research questions.
The survey focused on teachers’ beliefs about the nature of mathematics, teaching
mathematics, learning mathematics, and classroom discourse. The interview protocols
focused each interview on two specific topics. Each of these instruments will be
discussed in this section.
Beliefs survey. The 20 question Mathematics Teaching Pedagogical and
Discourse Beliefs Instrument (MTPDBI) (Appendix A) was constructed by the researcher
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with Item Response Theory, specifically using the Partial Credit Model of the Rasch
family of measurement models (Wilson, 2005). This mathematical model produces a
measure for both items and persons in terms of logits (the logarithm of the ratio
expressing the odds of success for a person on an item) and thus places both persons and
items on the same scale. An additional feature of the model is that the person’s ability
and the item difficulty can be separated from each other (Wilson; Wu & Adams, 2007).
The partial credit model was an appropriate measurement model choice for this
instrument because teacher beliefs can be viewed as a single latent trait and the design of
the survey included questions with various choices, all of which can be matched with a
level on a continuum rather than being counted as right or wrong (Wu & Adams). Rather
than considering the “difficulty” and “ability level” these terms could be better
considered as “level of learner-centeredness” for the item and the person, respectively. In
addition, as Wu and Adams claim as an important distinction, there is no requirement that
persons hold each of the lower-level choices as beliefs in order to arrive at a higher-level
choice. In other words, there is no essential progression of steps necessary to arrive at a
score (Wu & Adams).
The MTPDBI includes 20 items, in which five items pertain to each of four
domains: Nature of Mathematics, Learning Mathematics, Teaching Mathematics, and
Discourse. The questions were designed as multiple choice items in which each of the
four choices was aligned with one of four levels: Teacher-Centered, Emerging (from
Teacher-Centered), Approaching (toward Learner-Centered), and Learner-Centered.
Question difficulty levels were assumed to fall across the continuum because some
learner-centered responses may have been appealing to those who did not hold learner-
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centered beliefs. Similarly, there were some teacher-centered responses that may have
appealed to those who did not hold teacher-centered beliefs.
In order to support the content validity of the instrument (Messick, 1989; Wilson,
2005), prior research was reviewed for potential question stems and responses. The
research reported by Raymond (1997), Davis (1997), and Cooney, Shealy, and Arvold
(1998) was thoroughly reviewed both for survey questions and for comments made by
participants in the studies. Both elements were drawn upon to design items for this
survey. After the initial questions were drafted, an expert panel of mathematics
education researchers provided feedback on the draft survey questions. Using panel
feedback, the items were then revised. After this revision, a group of practicing teachers
who were currently graduate students, reviewed the survey and provided additional
feedback both on content and wording of questions. Finally, the expert panel provided
feedback on the revised questions. Throughout the rounds of question reviews the
literature on teacher beliefs served as a reference point, further building toward content
validity (Messick, Wilson).
The categorization and scoring of item responses was accomplished during the
creation of the items. Choices were specifically designed, based upon the literature, to
reflect the different levels of the construct. For example, a survey question focused on
beliefs about discourse was developed from Davis’ (1997) research on listening (Figure
5). Choice A aligns with the Teacher-Centered level of the construct, choice B aligns
with the Emerging level of the construct, choice C aligns with the Approaching level of
the construct, and choice D aligns with the Learner-Centered level of the construct. For
the purposes of model approximation and data analysis, choices at the Teacher-Centered
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level were assigned a score of one, choices at the Emerging level were assigned a score
of two, choices at the Approaching level were assigned a score of three, and choices at
the Learner-Centered level were assigned a score of four. In the final version of the
survey, questions were reordered randomly so that the questions from different domains
were spread throughout the survey rather than being blocked together. Additionally, the
order of the answer choices was randomized so that the choices aligned with each level of
the construct map appeared in various orders.
I believe it is most important to ask questions during classes:
a. To assess whether or not students are paying attention.
b. To evaluate student knowledge.
c. To better understand my students’ thinking.
d. To encourage further student exploration and, if necessary, change
direction of a lesson.
Figure 5. Sample MTPDBI question.
A pilot study was completed for the MTPDBI during Spring and Fall 2011. The
MTPDBI was administered to 145 participants, including both pre-service and practicing
teachers. WINSTEPS (Linacre, 2009) software was used to estimate the model for the
survey and produce statistical descriptions for the survey responses. Item reliability was
.96 with infit and outfit statistics within a reasonable range of .6 – 1.4 (Wilson, 2005; Wu
& Adams, 2007). The test reliability, Cronbach’s Alpha (KR-20) was .75. A Wright
Map for the pilot study (Figure 6) indicated that, although the persons are being measured
along the continuum, more questions are needed to differentiate the Student-Centered
level of the continuum because the items do not measure as high as the persons.
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Figure 6. Wright Map for MTPDBI pilot study. In this map, each participant is
indicated by a number on the left and each item is indicated with its number on
the right.

Interview protocols. Each interview was semi-structured with a list of questions
(Appendices B and C) that were asked of all participants. In addition, other questions
were asked that arose out of conversation, survey responses, and teaching observations
that were specific to each participant. Literature on teacher beliefs (Cooney et. al, 1998;
Sanchez, 2001) and intellectual development (Copes, 1982; Perry et. al, 1986;
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Schommer, 1998) was consulted in the drafting of the interview questions along with
reference to specific assigned readings from the methods course.
The questions were intended to provide enough context that the participants could
respond thoughtfully without leading to specific responses. For example, rather than
asking a participant how they assess their students (formatively or summatively), the
question “How do you know if a student understands an idea?” was asked. Other
questions included descriptions of favorite lessons and similes to describe the work of
teachers.
Questions about beliefs were separated into three different interviews in order to
keep the duration of the interview at a reasonable length. The divisions followed the
categorizations present in the literature and included beliefs about the nature of
mathematics, beliefs about teaching mathematics, and beliefs about learning
mathematics. Because questions concerning different domains of beliefs can sometimes
be similar, this separation also prevented the questions in one interview from being
repetitive.
Gauging the intern’s position of intellectual development was done using
research-based questions that asked participants to describe ideal courses or to discuss
thoughts about “right” answers (Copes, 1982; Perry et al., 1986). For example, the intern
was asked the following: “Suppose you are taking a university level math course and the
professor says that ‘right answers are no more legitimate in mathematics than in other
disciplines.’ What is your reaction to this?” Direct questions concerning intellectual
development were not asked of the collaborating teacher or methods co-teacher. It was
expected that these participants would be stable in their position of intellectual
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development due to their years of experience in their careers and thus be more easily
identified as located in a particular position. The position of intellectual development for
Natalie and Anthony was explored through other interview question responses and
through a discussion concerning who or what each participant felt was a major influence
on their teaching decisions.
The data collected for this study informed the exploration of the research question
in various ways. Figure 7 summarizes the relationships between the various data pieces
and the research question as have been discussed in this section. Next, I will discuss the
data analysis process.

Figure 7. Summary of Relationships between Data and Research Question.
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Data Analysis
Procedures
Data analysis commenced immediately upon collection of the first data source,
the belief survey. Because the number of participants who took the survey was small (N
= 21), only descriptive statistics and estimated logit scores for each participant (using IRT
methods) were calculated for the survey data. Descriptive statistics for the entire group
of participants were calculated. These scores were used to aid in the description of the
setting in which the study took place. For the intern, collaborating teacher, and methods
course co-teacher, the logit scores were estimated for both the pre- and post-test
administrations using the program WINSTEPS (Linacre, 2009). These scores were used
to aid in the identification of changes in beliefs. For these three participants, person
responses were also investigated using the WINSTEPS Person Response output table. In
this table, survey questions for which the participant selected an answer two or more
standard deviations away from the expected answer (as predicted by the model) are
identified.
Data analysis of the qualitative data proceeded in the method that Creswell (1998)
described as a “data analysis spiral” (p. 143). The first spiral stage, organization of files
and conversion of files to appropriate forms for analysis, began at the onset of data
collection in August. All electronic files, including observation transcripts, interview
transcripts, and methods course artifacts were stored in electronic files organized by
participant and type of data. The files were then transferred into the software program
Atlas-ti (Scientific Software Development, 2010) for analysis.
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Because of the large number of data sources in this study, some selection of data
pieces was completed. Every interview transcript for each participant was entirely coded
during the open coding process. Of the 14 methods class transcripts, the first four and
last four were coded in entirety. The remaining six methods class transcripts were read to
ensure that no critical episode was excluded but were not coded during the open coding
process. All of David’s methods class assignments were openly coded. In addition to
these, David’s student teaching reflection journal and an e-mail exchange between Dr.
Whitney Strickland and David concerning the implementation of Smith and Stein’s
(2011) 5 Practices book were openly coded. The process of open coding continued on a
cyclical basis throughout data collection (Creswell, 1998; Merriam, 2009). The opencoding process also generated additional questions that were then integrated into
interviews or specifically sought out during teaching or methods course observations.
Moving into the second and third stages of the analysis spiral, the data were read
and memos were recorded in Atlas-ti. Following multiple readings, open codes were
attached to the existing data. Working in Atlas-ti, open coding was accomplished by
identifying quotations that were of importance to the study, naming the quotation with an
abbreviated title (an open code), and then attaching a second code with the participant’s
name. The abbreviated title of the quotation created an open code for each piece of data.
Attaching a code with the participant’s name was done to allow for sorting of the data, or
the axial coding, by participant during later analysis stages. For example, if David made
a statement about his belief that mathematics is discovered during a methods class that
quote was highlighted in the transcript, the quotation was named “believes mathematics
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is discovered” and then the code of “David” was attached to it. As more data were
gathered, the same process was used for the new data sources.
The classroom observation transcripts were coded in a different manner than the
other data sources. Because the purpose of the classroom observations was to identify
and clearly describe each participants’ classroom practice (specifically the discourse), a
pre-determined set of codes related to classroom discourse were assigned to selections
from the observations (Table 4). These discourse codes were created based on the codes
used by Schleppenbach, Perry, Miller, Sims, and Fang (2007), and Franke et al. (2001),
and by the types of questions outlined by Davis (1997). From each observation series,
one episode was selected for each participant. Therefore, two classroom observation
episodes were selected for each participant: one from early on in the study and one from
later in the study. The observations indicated that choosing one episode from each
observation series would be descriptive of the type of discourse practices that took place
in each teacher’s classroom. Although the teachers did vary the activities in which
students were engaged, the types of questions the teachers were using were relatively
consistent for each observation series. Three criteria for selecting the episodes were
chosen: the episode must include a section of the lesson in which new material was being
introduced by the teacher; instruction was in whole class format; and the concept being
discussed was followed through to completion. An attempt was made to keep the length
of the episodes similar across participants but in some cases this was not possible in order
to follow the discussion through to the completion of the concept.
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Table 4
Code List for Discourse Coding
Code Name
Code Description
Request for Computation
Teacher requests a computation from a student
Request for Procedure
(Response Seeking)

Teacher asks for a specific, indicated procedure

Request for Procedure
(Information Seeking)

Teacher asks for a procedure when more than one is
possible

Request for Reasoning
(Response Seeking)

Teacher asks for a definition or theorem to support
reasoning

Request for Reasoning
(Information Seeking)

Teacher asks student to describe their thinking

Request for Rule Recall
Check for Agreement /
Understanding
Teacher Explanation
Acknowledgement / Praise
Re-Statement / Revoicing
Request to Read a
Statement
Other

Teacher asks student to recall a rule, procedure, process, or
vocabulary term
Teacher checks for student understanding
Teacher provides explanation of a concept or problem
without questioning
Teacher responds to student statement with statements such
as “Correct” or “Okay”
Teacher re-states a student explanation or answer
Teacher asks students to read a statement
Statements made by the teacher that do not fall into above
categories

Once the classroom episodes had been identified for each participant, each
statement that the participants made within that episode was coded with both the
participant’s name and episode number and a discourse code as described in Table 4. For
example, a question asked by David in his first observation was “How would you graph
this problem? What do we need to do?” (Observation 1, 10/24). In the episode, David
was asking a student for a procedure to graph a function but was not seeking a specific
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procedure. Codes of “DISC David 1” and “Request for Procedure (Information
Seeking)” were attached to this statement. The first code indicated the statement came
from David’s first episode and the second code identified the nature of the statement.
After all episodes were coded, Atlas-ti co-occurrence tools were used to make
comparisons between participants and to identify changes between the first and second
observations. The co-occurrence table tool creates a table with participants as column
headers and discourse codes as row headers (Table 5). In each cell of the table, the
number of times each discourse code appeared for each participant was recorded. For
example, the column labeled “David 1” and row labeled “Request for Procedure
(Information Seeking)” indicates that David requested a procedure from a student
(without seeking a specific procedure) seven times during the first episode. The column
labeled “David 2” indicates the number of times each discourse code was applied in the
second episode that was coded for David. Using this table, different discourse patterns
were identified for each participant.

75

Table 5
Co-Occurrence Table for Discourse Codes
Code
Anthony Anthony
1
2

David
1

David
2

Natalie
1

Natalie
2

Acknowledgement / Praise

8

5

17

8

24

1

Check for Agreement /
Understanding

8

11

4

0

8

20

Other Teacher Statement

15

10

0

5

17

4

Request for Computation

7

13

3

0

2

0

0

1

7

3

18

0

7

4

15

2

12

0

0

2

2

6

17

4

3

5

3

0

6

15

Request for Rule Recall

6

20

2

0

5

1

Request to Read a Statement

0

0

1

0

3

0

Teacher Explanation

30

25

13

6

8

11

Re-Statement / Revoicing

15

33

9

10

26

13

Request for Procedure
(Information Seeking)
Request for Procedure
(Response Seeking)
Request for Reasoning
(Information Seeking)
Request for Reasoning
(Response Seeking)

The final stage of the analysis spiral, describing and classifying themes, began
once enough open coding had been completed to begin identifying themes. The
quotations identified during open coding for each participant were gathered on an Atlas-ti
network view (Figure 8). These quotations were taken from: interview transcripts,
methods class transcripts, reading reflections and other written assignments, and
conference transcripts. Other data, such as the belief survey and classroom observation
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notes, were used in support of the emerging themes but were not included in this phase of
sorting. The quotations for Anthony and Natalie were gathered on one network each.
David’s quotations were gathered onto two networks due to the large number of
quotations identified for him. The first network for David included all quotations from
data sources prior to the time he taught his first unit in the Fall semester teaching
experience (henceforth referred to as David’s Pre-Teaching Network). The second
network included all quotations from data sources after that initial teaching unit
(henceforth referred to as David’s Teaching Network).

Figure 8. Sample Network View from Atlas-ti.
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Gathering each participant’s quotations on individual networks allowed for the
sorting process that leads to analytical coding to be completed (Merriam, 2009). In the
network, each quotation has its own card with the open code as the card title. The
quotations were read and sorted into piles of related statements. Groups were not named
as groups unless the quotation in that group came from multiple sources. These emerging
groups became the themes around which each participant’s story evolved. In the sample
network view (Figure 8), the white cards are the individual quotations that were identified
in the data for Natalie. The black cards are category names that were assigned to the
groups of cards. Merriam explains that “devising categories is largely an intuitive
process …informed by the study’s purpose, the investigator’s orientation and knowledge,
and the meanings made explicit by the participants themselves” (p. 183-184). As an
example, in Natalie’s network the following categories or analytical codes emerged from
the data: Try Educator, Overcome Fear, Students Can, Change Student Perceptions,
Student Needs, Community of Discourse, Research is Important, Thinking about
Thinking/Practice, Outside Influences, and Math is Powerful. These category names
represent the themes that emerged that were important to the ways Natalie interacted with
the PDS activities and that were informative to the research questions. Examples of the
quotations found in cards in two of these categories are listed in Table 6. In the
Community of Discourse category, quotations either described or gave evidence from
Natalie’s practice of the supportive classroom environment that she established. In the
Student Needs category, quotations include statements Natalie made about what her
students needed in general or specific statements about her students simply needing her.
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A similar process of sorting and creating analytical codes was completed for each
participant.
Table 6
Sample Data to Support Analytical Coding for Natalie
Analytical
(Number of quotations within category)
Code
Sample Quotations
(N = 29)
I felt like we were both uncomfortable, I know I was
uncomfortable. I felt like we grew together into a better
understanding of standard deviation, even for me, because I
knew how to calculate it, and I knew the formal definition
of it, but I didn’t truly, truly understand what it really
meant. And I think that led to many . . . to different things.
(Interview 3, 12/6)
You know you can make your classroom that safe haven
for them to make them feel like they belong. That’s one
Community
thing I’ve tried to do for my students make them feel like
of Discourse
they belong and they are important and they are worth
education and they are worth learning. . . . You being on
time is important to me. I want you in here. (Methods Class
8/30)
Excerpt from Observation Transcript (10/3)
Student: Why did you put 40?
Student: It’s 60.
Student: It’s 60.
Natalie: Oh, 60, thank you. I just completely messed that
up, didn’t I? Okay, this should be 60.
(N = 21)
My ultimate goal, always, is that when my students leave
my classroom, they won’t have trouble with math in the
future. (Interview 2, 10/25)
I was hired first at [another Troy County school]. And I
remember a teacher telling me you need to go ahead and
take that position because you did your community service.
Student
. . . I interviewed for WHS and got it that day. I was happy
Needs
cause I felt like the students at WHS really needed me.
(Methods Class, 8/30)
I’m thinking about my students going out there and
competing with other students. . . . And I’m really
concerned about that, because I want them to be able to
compete . . . in the world that’s outside, despite if they’re
poor, or their race, or whatever. (Interview 4, 2/28)
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Once themes for each participant were identified in their individual networks,
relationships between participants were also identified. For David, comparisons were
made between his Pre-Teaching network and his Teaching network. These relationships
and comparisons will be discussed along with each participant’s network in the next two
chapters. This process was not linear and continually required circling back to various
data sources and to existing literature to verify and corroborate the findings (Creswell,
1998; Merriam, 2009).
The analysis and data collection stages continued until reaching a point of data
saturation. This point was reached when new data continued to point toward the same
themes and relationships that had already been identified. Once multiple data sources all
confirmed the proposed findings, the analysis then moved into the final stage of
representing and visualizing the findings (Creswell, 1998). Throughout the data analysis
process, peer review was conducted between the researcher, Dr. Whitney Strickland, and
other dissertation committee members. The peer review conversations aided the
researcher in identifying additional questions for inquiry, clarifying proposed findings,
and identifying appropriate evidence for the findings.
Trustworthiness and Transferability
Establishing reliability and validity in a qualitative study is achieved through
rigorous and ethical research practices (Merriam, 2009). Though there is a lack of
consensus among qualitative researchers as to how validity and reliability should be
addressed, the ideas of trustworthiness, credibility, and transferability can be applied to
this discussion (Merriam). The reliability and validity of a qualitative study can be
addressed within the methods of data collection, analysis, and interpretation.
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In order to establish trustworthiness and credibility (or internal validity) several
aspects of this study were carefully designed. The duration of the study was for the entire
semester of the methods course with observations and interviews during the subsequent
semester, providing opportunity for questioning and follow-up throughout data
collection. The length of the study and number of observations allowed the researcher to
become part of the community and interact with participants as a knowledgeable
participant observer to whom participants turned to for assistance at times. This
proximity with the participants promoted a correspondence between the researcher’s
descriptions and participants’ realities. In addition, exact words of the participants (from
both observations and interviews) were gathered as data through transcripts to ensure the
accurate portrayal of participants’ ideas. Continual memo writing throughout the data
collection and analysis processes added to the trustworthiness and credibility by creating
a log of the questioning and re-evaluation of ideas as they emerged. After themes were
established, a search for confirming and disconfirming evidence of those themes was
conducted.
Triangulation was achieved through the collection of multiple sources of data that,
together with existing literature, corroborated the findings. Peer review was also used.
Simultaneously with this research study, Dr. Whitney Strickland investigated her own
research questions using the same data sources. Therefore, the two researchers
established “investigator triangulation” (Merriam, 2009, p. 216). The peer review
process with Dr. Whitney Strickland was ongoing throughout this research project. As
themes emerged, I discussed what I saw emerging from the data with Dr. Strickland and
she shared insights related to these findings from her own interactions with the
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participants. Often, she would ask questions about relationships we were both seeing
between beliefs, position of intellectual development, and practice. Those questions led
to additional searches through the data to corroborate our findings or propelled me to ask
additional questions in interviews with the participants. In addition to the peer review
process, member checking was performed at several points during the data collection and
analysis phase (Merriam). Emerging themes were shared with participants during
interviews and informal conversations and their input was incorporated into the overall
findings. Participants were offered the opportunity to review transcripts, though each
refused. Participants were also provided with their individual case to read and asked to
provide comments. David wrote a response to his story and it was incorporated into the
results discussion. All of these practices, along with the thick description in the final
report, contributed to the overall trustworthiness and reliability of the findings of this
study.
The issue of transferability (or generalizability) must also be thought of in a
qualitative sense. Merriam (2009) argues that the burden of establishing transferability
for the initial researcher lies in the description of the setting and circumstances of the
case. Other researchers wishing to apply the findings must then evaluate the
transferability as related to their own settings. In order to address transferability in this
study, thick descriptions of the setting and circumstances within this study were provided.
Limitations
Any qualitative study bears the influence of the researchers’ perspectives and
biases. A participant observer in a setting automatically alters the reality of the events by
his or her mere presence. Furthermore, the participant observer filters the interpretation
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of those events through his or her own experiences and beliefs (Merriam, 2009).
Therefore, a limitation of any qualitative study is created by the researcher herself. In
this study, steps were taken to minimize this limitation as described in the section on
trustworthiness. However, the participants were aware of the impact of participation in a
research study on their teaching methods. Each participant separately stated that he or
she was conscious of the observer during observed lessons or that he or she altered a
lesson plan simply because an observation was to take place. Thus, the mere
participation in the study caused participants to act in ways out of their normal routine,
even though they were encouraged to not make any changes specifically for the
researcher.
Another limitation of this study was the enrollment of only one student in the UE
cohort for secondary mathematics. Although valuable information can be learned from a
case with so few participants, there were aspects of this methods course that would be
drastically different for a methods course with a large number of students. The depth to
which this intern was able to explore his personal thoughts and beliefs within the context
of the course may not have been possible with a large number of students. The amount of
individual attention given to the intern by his expert instructors may not have occurred in
a larger class. Though the size of the class enabled in-depth study of the entire
population of participants in this program, it is also a limitation to the study.
The specific setting of this study may also create a limitation. Opportunities for
growth that were documented in this study may not be present in all settings and
therefore the setting may limit the transferability of the findings. However, the setting of
Washington High School is not unlike other struggling schools across the nation.
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Although every school has unique challenges and opportunities, there may be enough
similarity to minimize this limitation.
In this chapter I have outlined the study and described the data collection and
analysis process in detail. The data collected in this qualitative case study were chosen to
inform an understanding of the ways in which the participants interacted with the UE
methods course and internship and relationships between their interactions and their
beliefs and positions of intellectual development. By collecting data from a variety of
sources as described in this chapter, a detailed picture of the participants’ interactions
with the professional development school program was gathered. In the next chapter, I
will present the findings from the study and following that I will present discussion of the
themes that emerged.

CHAPTER 4: FINDINGS WITHIN THE CASES
Qualitative case study methodology requires thick description of the data so that
readers can clearly understand the emerging themes and their relationships to the
conclusions. In this chapter I will present the data for each participant that supports the
conclusions that will be discussed in the next chapter. I will first present the general
findings from the Mathematics Teaching Pedagogical and Discourse Beliefs Instrument
(MTPDBI) administration. Both classical statistical measures (averages) and item
response theory measures will be discussed for the entire mathematics department at
WHS along with the pre- and post-survey data from the three central participants, David,
Anthony, and Natalie. Discussion of specific findings from the survey for David,
Anthony, and Natalie will be presented along with their qualitative cases. Following the
presentation of the survey data I will discuss the individual cases of David, Anthony, and
Natalie. For each participant, I will present data that support the classifications of their
beliefs, positions of intellectual development, and classroom practices. The
classifications will then be discussed in the final chapter.
Survey Results
In terms of classical statistics, each question of the 20 item survey was scored on
a scale of 1 to 4, with 1 being the more teacher-centered response and 4 being the more
student-centered response. Average scores across all 20 questions were calculated for
each participant. Twenty-one members of the WHS mathematics department completed
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the MTPDBI in September. The lowest average score for a mathematics department
member was 2.53 and the highest average score for a mathematics department member
was 3.40. The average of the department members’ total scores was 3.07.
Item response theory scores participants in terms of logits. Scores for the entire
department along with David, Anthony, and Natalie are displayed in the Wright Map in
Figure 9. David’s, Anthony’s, and Natalie’s scores are indicated by their initials on the
Wright Map and the scores of all other department members are indicated by a number.
In terms of logits, the highest score among department members (and thus more studentcentered) was 1.59 and the lowest score among department members (and thus more
teacher-centered) was –.09. The members of the WHS mathematics department did not
score at either extreme of the observed scores in the pilot data; rather, the scores were
more centrally located along the continuum than the scores in the pilot data.
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Figure 9. Wright Map for study participants.
David scored an average of 3.05 the first time he completed the survey and 3.20
the second time he completed the survey. In terms of logits, his pre-test score was .79
with a standard error of .31. The mean-square infit was 1.20 and the mean-square outfit
was 1.27, which are both within the acceptable range of .6 to 1.4 (Wu & Adams, 2007).
The infit and outfit values indicate that there is more variability in David’s responses than
ideal for the model, but not an unacceptable amount. David’s post-test score in terms of
logits was 1.10 with a standard error of .33. The mean-square infit was .92 and the mean-
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square outfit was 1.11. Again, the infit and outfit are within an acceptable range. The
smaller infit and outfit values as compared to the pre-test indicate slightly less variability
in David’s responses on the post-test than on the pre-test.
An analysis of the standardized residuals for each participant’s answers was
performed. On the pre-assessment, David had only two responses that were two or more
standard deviations away from the response predicted by the model (Questions 2 and 13).
For question two, David responded with choice C: I believe the most important role of
the mathematics teacher is to provide information to students, question them about their
knowledge, and seek to understand their thinking. On question 13, David responded with
choice A: I believe that the body of mathematical knowledge is fixed with
interconnecting structures. Both of these responses were two standard deviations below
what was predicted by the model. In other words, David selected responses that were
less learner-centered than he was measuring on the overall scale.
The same analysis performed on the post-assessment also showed only two
questions with responses that were two or more standard deviations away from the
response predicted by the model (Questions 1 and 2). For question one, David responded
with choice C: I believe when introducing a new concept it is most important to teach
mathematics lessons that combine at least two ideas and the connections between them.
Under this question David wrote on the survey “My heart believes C but I sometimes
revert to choice A.” The residual analysis indicated that David’s chosen response of C
was two standard deviations above the response expected by the model. In other words,
David selected a response that was more learner-centered than he was measuring on the
overall model. David responded to question two with the same response as he had on the
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pre-assessment and it still measured two standard deviations below the expected
response.
Anthony exhibited a statistically significant difference between his pre-test and
post-test scores. On the pre-test, Anthony’s average was 2.8 and on the post-test his
average was 3.2. In terms of logits, Anthony’s pre-test score was .35 with a standard
error of .28. The mean-square infit was .54 and the mean-square outfit was .51. These
values are slightly outside of the acceptable range and indicate that there was not as much
variability in Anthony’s answers as expected for the model. Anthony’s post-test score
was 1.10 with a standard error of .33, which was identical to David’s post-test score.
Both the mean-square infit and outfit were .69 which is within the acceptable range of
values. The low values for infit and outfit still indicate less variability in Anthony’s
responses than expected for this model. Analysis of residuals for Anthony’s responses
indicated that none of Anthony’s responses was two or more standard deviations away
from the responses expected by the model. In other words, Anthony’s responses fit the
predicted model.
Natalie’s scores were the highest among the three central participants. Her
average on both the pre-test and the post-test was 3.25. In terms of logits, her pre-test
and post-test scores were both 1.21 with standard errors of .34. On Natalie’s pre-test, the
mean-square infit was 1.06 and the mean-square outfit was .90. On the post-test, the infit
was .85 and the outfit was .78. Not only are Natalie’s infit and outfit measures within an
acceptable range, the fact that they are close to 1 indicates that the amount of variability
in her responses is close to ideal for this model.
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Analysis of the residuals for Natalie’s survey indicated responses for two
questions on the pre-assessment were two or more standard deviations away from the
responses predicted by the model (Questions 1 and 16). For question 1, Natalie
responded with choice C: I believe when introducing a new concept it is most important
to teach mathematics lessons that combine at least two ideas and the connections between
them. This response measured two standard deviations above the response predicted by
the model (or more learner-centered than Natalie was measuring on the overall model).
For Question 16, Natalie chose choice D: I believe that eliciting students’ mathematical
thinking in classrooms should be accomplished by the teacher asking students to explain
how they solved a problem. This response measured two standard deviations below the
response predicted by the model (or less learner-centered than Natalie measured on the
overall model). On the post-assessment, none of Natalie’s responses were more than two
standard deviations away from the responses predicted by the model.
Description of the Setting
The setting for this study, Washington High School (WHS), was considered a
low-performing school by federal No Child Left Behind standards. The largely minority
student population (less than 10% of students were White) struggled with issues related
to low income, transience, and language barriers. According to Adequate Yearly
Progress standards, WHS had been in Needs Improvement status for more than five
years.
Despite these struggles, WHS was observed to be a pleasant place. The front
office staff and administration were warm and welcoming. The students were well
behaved. During a fire drill, the students filed out in an orderly manner and then mingled
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with teachers, talking with them and seeming to be genuinely interested in the
conversations. The WHS faculty was supportive of students. On several occasions,
teachers were observed in the hallways talking one-on-one with students about either
behavior or academic performance. The tones were quiet and respectful; belligerent
students were not observed. The building was impeccably clean. Recognitions of
outstanding academic achievements were displayed on walls. The hallways and
stairwells in the freshman building were painted with inspirational quotations from
historical and current figures. In one stairwell the words of Jaime Escalante were
painted: “The day someone quits school he is condemning himself to a life of poverty.”
Another hallway displayed the words of Dr. Martin Luther King, Jr.: “The ultimate
measure of a man is not where he stands in moments of comfort and convenience, but
where he stands in moments of challenge and controversy.” The idea that education is
important and valuable was exuded by faculty and staff throughout WHS.
The Case of David (The Intern)
David, a White male in his early twenties, was born and raised approximately 50
miles from Valley State University (VSU) in a middle-class suburb. His first major at
VSU was Early Childhood Education, which he later switched to Secondary Mathematics
Education after discovering his affinity for helping others learn mathematics. He
discussed his desire to help others and to make a difference for future generations:
I always knew that I wanted to go into education, I guess. Well, just be a part of
helping a younger generation. A generation different than my own I guess. But
once I got into it more, I realized I like seeing students succeed, I just want to help
the future I guess, and I see students as the future. (Interview 1, 8/31)
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David was employed at a church near his home and participated in the VSU
chapter of the Wesley Foundation, the college campus outreach of the United Methodist
Church. Typical of many pre-service teachers, David was still establishing his
philosophy of mathematics education. As a result, variations were noted in the
statements that he made about mathematics and the teaching and learning of mathematics
throughout the year.
Beliefs About Mathematics
When I first asked David his thoughts about the subject of mathematics, I asked
him to choose an animal that could represent mathematics. He waivered and at first he
answered “I kind of want to say platypus because a platypus has everything a part of it”
(Interview 1, 8/31) but then he decided that “I don’t think that platypi are really
organized. . . . And I think that math is very organized” (Interview 1, 8/31). He was
confident, however, that mathematics was created by God:
I definitely think it’s discovered. But I think it’s probably because of my religious
beliefs . . . I believe that God created the universe and that He made math, and
we’re just finding out more and more of what God had already created and put
into existence. (Interview 1, 8/31)
On the MTPDBI pre- and post-assessments, David chose answer C for question six: I
believe that mathematics exists independent of human thought and is discovered. For
David, this was related to the belief that knowledge is certain:
I think that mathematical knowledge is certain but that doesn’t mean that we
know everything yet. And that . . . I think it goes back to my belief that math and
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numbers are structured by God, and so like everything is put together, we just
don’t know what it is yet. (Interview 2, 10/11)
Though David held the belief that mathematics is very organized, this did not
translate to a belief that mathematical reasoning was always organized in a particular
way. When discussing the idea of proof, he described proof as taking on many forms that
were not necessarily in a set format.
I think that seeing a proof is more than just a two-column proof . . . I think that
proofs can be a pair of formulas as long as they make sense . . . I don’t see a proof
as necessarily step-by-step-by-step. . . . I think that as long as students can talk
about why they are true or talk about why something is I think that’s more
important than just doing steps. (Methods Class 1, 8/23)
David’s beliefs that knowledge is certain and mathematical knowledge is
organized were evident in his discussions about important ideas in mathematics
classrooms. He said “I think the most important thing in a math classroom is your ability
to show that your answer is correct” (Interview 2, 10/11). He continued on to explain
that this did not preclude multiple ways of thinking or representing a concept: “I believe
in multiple approaches, but one right answer” (Interview 2, 10/11). David further
explained that multiple approaches, in his opinion, were related to the ways in which one
justified those certain and correct answers in mathematics. He said:
But if it’s a proof or an explanation, I believe that you could have multiple ways
to go about it. And as long as you’re able to justify why you’re saying it the way
you’re saying it, or why you do things the way you do, then I think that it’s a
legitimate . . . there are multiple answers in that sense. (Interview 2, 10/11)
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David demonstrated this belief early on in his classroom practice. During his first official
teaching day, after a student graphed a linear equation for the class using the slope and yintercept, David asked “Is there another way we can graph equations? . . . What else can
we do? Does anybody know?” (Observation 1, 10/24). This practice of eliciting more
than one method to solve a problem became a pattern in David’s teaching.
David also recognized a need for creativity in mathematics. He believed that
mathematics is the study of numbers and how they work (Interview 1, 8/31) and that
creativity was needed for problem solving. David viewed the current work of
mathematicians as “trying to figure out how the number system works and how things
work together” (Interview 1, 8/31). David emphasized this belief in the activities that he
designed for his lessons. When introducing simplification of rational expressions, he
began the unit by exploring graphs of equivalent expressions in order to emphasize
relationship between the beginning and ending expressions (Observation 1, 10/24). In a
later lesson on vertex form of quadratics, David created activities (Appendix D) in which
students explored graphs of various forms of quadratic functions and analyzed the
similarities and differences between them (Observation 4, 2/21; Observation 5, 2/22).
Although his belief that mathematics exists independent of humans and is
discovered remained constant throughout the study, David’s picture of mathematics did
shift slightly throughout the study. On the MTPDBI pre-assessment, David chose A for
question 13: I believe that the body of mathematical knowledge is fixed with
interconnecting structures. The standardized residual for this response was -2, indicating
that this response was two standard deviations lower than expected by the model. On the
post-assessment, David chose C for the same question: I believe that the body of
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mathematical knowledge is surprising, expanding, and driven by new problems. This
answer choice fell within the model (less than two standard deviations away from the
expected response). David also exhibited this shift later in the study when he explained,
in response to reading his story, that he really thought an ecosystem was a better
description of mathematics because “we find more about the animals that live in it over
time” (Story Response, 4/10).
Beliefs About Teaching and Learning
As the year progressed, David shifted his discussions about mathematics itself as
organized, certain, and able to be made sense of into discussions concerning how to teach
in a way that helped students understand that mathematics does makes sense. David did
not seem to separate the ideas of teaching and learning. Instead, he spoke about various
issues in teaching and how they impacted the learning of his students.
Making mathematics make sense. After teaching a unit on rational and radical
expressions, David commented that “even if they [the students] don’t really get rational
and radical expressions, I hope that they get that the ideas that we weren’t just doing
these things, they really made sense” (Interview 3, 11/9). David worked throughout the
year to think about the ways that students could make sense of mathematics. He designed
activities for his teaching unit on rational and radical expressions that emphasized
connections between representations. For the beginning of his unit, David designed a
card sort activity that required students to match graphical, numerical, and algebraic
representations of rational expressions to each other. During student teaching, David
helped students make sense of the different forms of quadratic functions by working with
graphical, tabular, and algebraic representations of them. David had the goal that his
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students would be able to see big conceptual ideas rather than simply memorizing a set of
procedures. He wanted his students to “look at a problem . . . and make it make sense,
rather than to look at a problem and simplify [and repeat that] simplify means factor”
(Interview 3, 11/9). On the MTPDBI pre- and post-assessments, David chose D for
question three: I believe that students learn mathematics best by participating in
mathematical investigations in which the teacher designs the questions. These activities
described demonstrated his desire to teach through investigation.
Differentiation and equity. David struggled with issues of differentiation early
in the study. In a reading reflection, he commented on the use of calculators in
Anthony’s classes, saying:
I also think that minimizing student weaknesses and maximizing their strengths is
something that is evident for all students in Anthony's classroom. One specific
example is allowing the use of the calculator in his class. Many of his students
struggle with simple arithmetic but rather than having them waste time and allow
more room for error by having them do the arithmetic by hand, he allows them to
use the calculator so they can focus on the more advanced topics taught in his
classroom. (Reading Reflection, 10/3).
Although he admired Anthony’s use of calculators in the classroom, in an earlier
discussion he asked “how do we prevent technology from replacing basic
understanding?” (Methods Class 1, 8/23). David found value in the ideas of
differentiation. He wrote, “I hope to always remember this when I am a teacher and to
find ways to differentiate in ways that make every student in my classroom experience
success in mathematics” (Reading Reflection, 9/6). However, he struggled to make sense
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of how differentiated tasks were applied. In another reflection he wrote “This, however,
holds different students to a different standard based on what they can do. Is this EVER
appropriate?” (Reading Reflection, 10/24).
David also grappled with defining how he viewed differentiation in relation to
assessment. He wrote: “I think all students should be held to high standards. Students
with disabilities should receive the support that they need to be successful but I am not
sure how effective it would be to grade their paper differently” (Reading Reflection, 9/6).
Although he believed that all students should be held to a high standard, he did not
believe that assessments should be difficult. During a methods class discussion, he said:
I almost feel like maybe higher level questions don’t necessarily have a place in
assessment, especially alone assessment. And I think there may be ways that you
can assess their higher level of understanding, and maybe I’m wrong because I
haven’t been a teacher, but I just don’t feel like tests in general should be difficult.
(Methods Class 5, 9/20)
The previously described activities David created that emphasized exploring connections
between ideas point to his belief that all students should make sense of mathematics.
Although he firmly believed that all students should be held to a high standard, David
was unsure of what this looked like in the practice of classroom assessment.
Aligned with his belief that all students should be held to a high standard, David
discussed his discomfort with the idea of tracking. He wrote:
I would really like to see schools where students only have the ability to take a
rigorous mathematics schedule. I wonder if we could group students based on
their need for support. For example, maybe students who struggle in math be put
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in co-taught classes with smaller class sizes with additional resources. Is this,
however, just more of the same? Would we still end up with classes where
students have little mathematical self-efficacy? (Reading Reflection, 9/11)
In addition to his discomfort with tracking, he did not like the idea of placing students
based on prior performance. After relating the story of a struggling student he had
worked with the prior year at the cluster middle school who was flourishing now at the
high school, David questioned the practice of grades determining class placement:
Really just placement on anything – I guess really placement on almost anything
related to what the student’s performance has been in the past. And I don’t know
if I should say that or not. But I feel like if you put a student in a difficult class but
give them the scaffolding and make lessons interesting and give the students what
they need to succeed then they will succeed. (Methods Class 4, 9/13)
David confidently stated the perspective that “I like to believe that all students can
succeed with the proper amount of support” (Methods Class 4, 9/13).
Later in the study, David’s discussion about differentiation broadened to the
larger concept of equity for all learners. As part of the methods course, discussions
around NCTM’s (2000) Equity Principle arose. In an interview David admitted that:
I’ve always thought that equity was everyone has the same opportunities upon
graduating. Like, if, this student wants to be able to be a doctor, he can, if this
student wants to be a lawyer, he can. It doesn’t matter what happened before, this
student’s outcome, and what do I need to give this student to have that outcome . .
. because there are some students that will need a lot more, and there are some
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students that will need a lot less to get them to the same opportunities. But,
NCTM says equity is making sure students feel challenged. (Interview 4, 11/30)
He continued to work to make sense of this perspective of equity as it related to students
in his classes that were advanced. Relaying a discussion with Anthony, David wrote:
We discussed that sometimes I think the higher-performing students can feel
bored while we are working examples. For example, I remember on Wednesday
we were teaching factoring by grouping and I made guided notes with a box for
each problem. One student had completed the entire sheet of guided notes by the
time I had finished one example. I know that we lost her that day and that’s not
fair. (Student Teaching Journal, 1/27)
In thinking about how to challenge students, David struggled with offering different
opportunities to students of varying ability levels. He acknowledged that:
NCTM says equity is making sure students feel challenged. And I understand that
. . . I understand where they’re coming from, but it almost feels like if I do that,
and if I’m figuring out somewhere where it’s okay if students only get this far. If
some of my students only get this far then I’m going to subconsciously, or maybe
even consciously choose the students who are only going to get this far.
(Interview 4, 11/30)
David questioned whether or not educators were actually increasing the performance gap,
writing: “when we give advanced students more challenging problems, do we further the
gap between the low performing students and the high performing students?” (Reading
Reflection, 10/31).
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David believed that there was not one best way to learn mathematics (Interview 3,
11/9). He also recognized that when he was in school there were a variety of topics that
he simply understood and did not have to struggle to learn and that this was not always
the case for others. He stated:
Reasoning and proof really scares me. I dread teaching proof just because they
just made sense to me. It came naturally and I know that that’s horrible when that
happens because I didn’t have to learn it so I dread teaching it because I don’t
know how to learn it. (Methods Class 1, 8/23)
Because of this, David was concerned about being able to meet the needs of different
learners. However, when a discussion of ways to teach signed numbers arose, David
questioned whether or not manipulatives would actually work (Methods Class 13, 11/29).
David was hesitant to discount traditional lecture-oriented methods of teaching but he
found value in multiple approaches. He said “I want to say students will even learn just
taking notes in a very traditional lesson, but I wouldn’t say those are the best. I think a
good mathematics lesson offers different approaches” (Interview 2, 10/11). He translated
this belief into his lessons by making use of multiple representations (Observation
Conference, 10/24). During his series of lessons on simplifying rational expressions,
David required students to relate algebraic, graphical, and numeric representations of
those functions (Observation 1, 10/24; Observation 2, 10/25; Observation 3, 10/26). In
another lesson (that was not observed) David created number strips to represent irrational
numbers such as

,

, and other radicals and then related the strips as a

representation of simplifying radical expressions (Methods Class, 9/20).
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Comfort in the classroom. Comfort was a recurring topic of discussion for
David. He described the role of a teacher by saying “I think my responsibility is to try to
help students be comfortable with mathematics, and be able to be successful, at the
mathematics I teach” (Interview 2, 10/11). He also defined understanding as “when you
feel comfortable with a subject, and you can explain it to someone else so they can
explain it” (Interview 2, 10/11). He questioned the role of discomfort in a classroom and
described a poor mathematics lesson as “a lesson that confuses students beyond their
comfort. Maybe a little? I don’t even know if a little confusion is okay” (Interview 2,
10/11). As David reflected on his teaching he recognized his own discomfort with
student discomfort. He described thinking “It’s okay that they’re confused right now,
and uncomfortable, but immediately, I just wanted to make it better” during a lesson he
taught. I probed a little further to see how far he would allow confusion to continue and
he talked about bringing a lesson to closure. David explained that by the end of a lesson
“you should feel comfortable with [the mathematical concept]. There should be
something that you should feel comfortable with from class that day but it doesn’t
necessarily have to be everything” (Interview 3, 11/9).
Classroom Practice
David’s classroom practice and the entities he discussed as influencing that
practice, provide further description of David’s beliefs. Throughout the study, David’s
vision of classroom discourse evolved as he sought to make sense of how his desire to
support students in learning fit with discourse practices. Factors influencing David’s
classroom practice were systemic authorities and his own reflection on identity.
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The role of discourse. In early discussions, David noted that he liked the student
centered nature of research-based discourse practices. In reflecting on Smith and Stein’s
(2011) 5 Practices for Orchestrating Productive Mathematics Discussions, David wrote:
“I like how the five practices are student-centered. They are not about what I can say or
do as much as they are about noticing what students do and how they perform and
reacting to that or anticipating how to respond” (Reading Reflection, 9/11).
David did, however, see the role of the teacher in classroom discourse on a variety
of levels. When reflecting on an article by Stein (2007), he wrote:
I like the teacher's roles in this article. As a teacher I have a greater responsibility
than just asking questions, but to think about the level of cognitive discourse of
those questions and to encourage students through motivational discourse. I hope
that all of my students always feel comfortable participating in my future
classroom; that is a really big deal to me. I want to have a community of respect,
especially for the students. (Reading Reflection, 10/13)
The idea that effective discourse was a vehicle for creating a respectful community of
learners in his classroom was important to David.
Though David valued the community of learners and wanted to capitalize on its
possibilities, he was still learning how to make the most of student discourse. During a
classroom teaching episode he asked the class why dividing by zero was undefined. A
student responded “because anything times zero is zero” (Observation 1, 10/24). David
said “Good” and continued on with the lesson (Observation 1, 10/24). In a conference
with Dr. Strickland following that lesson, she pushed David to think about that exchange.
The transcript of the conversation is in Figure 10. After the discussion David stated:
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I’m really glad that we talked about this, because you know I have, this is
probably going to sound bad, but I’ve never actually seen it done that way. So I
didn’t even know what she meant. So, but I think that yeah, that’s so true.
(Observation Conference, 10/24).
The two went on to discuss this missed opportunity for mathematical discussion in the
classroom. David was still learning to use discourse as a tool for mathematical learning
in his classroom.
Dr. Strickland:

Is that right? When you were asking why is one divided by zero
undefined . . . she said “because anything times zero is zero.” And you
said good and moved on. What do you think she meant by that?

David:

There’s no amount of things you can subtract . . . I mean . . . I’m
trying to figure out, there’s nothing you can multiply by zero to get
one.

Dr. Strickland:

Yeah. Yeah. Cause if you have, for instance, eight divided by four
equals two, because two times four is eight. But if you had one
divided by zero equals something . . . let’s say x, then that x times zero
would have to give you one, and nothing times zero could give you
one.

David:

Yeah.

Dr. Strickland:

So I loved her thinking, and I think you didn’t capitalize on it.

David:

Yeah.

Dr. Strickland:

You know?

Anthony:

I didn’t catch that.

Dr. Strickland:

That’s the kind of stuff I’m always looking for. Try not to miss those
teachable moments.

David:
Okay.
Figure 10. Transcript of observation conference (10/24).
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David’s concern for community building through discourse was influenced by his
apprehension that discourse could harm the community. He felt that “critique could also
be dangerous. Like students could be mean to each other” (Methods Class 3, 9/6). He
related this fear to the practice of making student thinking evident through discussions.
He questioned: “Is it ever appropriate to have students display incorrect approaches? Is
there a way to have students discuss the possible misunderstandings respectfully, without
offending the presenting groups?” (Reading Reflection, 10/10)
Other fears concerning discourse practices were also discussed. In a reflection,
David discussed issues of student engagement and expectations:
I know that I need to become more comfortable with giving wait-time for students
to respond. Currently, I always feel like it is awkward. I am also sort of ashamed
to admit that sometimes I feel scared of giving extra wait-time because I fear that
instead of thinking about an answer students will get off task. This obviously
shows a horribly low expectation on my part that I definitely need to work on.
Sometimes it is also easier for me to call on the students that have the answer
first, even though they are almost always the same students. This is obviously
horrible as I do not get the chance to hear the thinking of other students. (Reading
Reflection, 10/10)
After teaching his first unit in October, David began to grapple with his concerns
about discourse even more. When reflecting on a lesson he taught he stated:
It went the way I wanted it to go, but I wouldn’t have said, now looking back, I
wouldn’t say it’s the way it needed to go. I think about how . . . it looked like
students were engaged, because there were a couple of students that were really

104
excited. There were other students who just fell back because it wasn’t – because
I just picked on volunteers, and it took me a couple days to realize, to really – to
really believe and buy into the idea that a student doesn’t need to volunteer to
answer. (Interview 3, 11/9)
During student teaching, David continued to think about ways to incorporate
discourse practices and continued to worry about community. In his journal, he wrote:
I had ideas for improving student discourse. What if I asked challenging questions
to the entire class, had one student come to the board and ask the class for help? I
am worried about second block, though. I think before they are ready for
something like that I need to find ways to improve classroom community. I have
gotten better at classroom management in that class but they’re still mean.
(Student Teaching Journal, 1/27)
Throughout his student teaching semester, Dr. Strickland pressed David to reconsider this stance on classroom discourse. After a post-observation conference with
Dr. Strickland in which she encouraged him to think about having groups present their
solutions to a problem, David wrote a journal entry reflecting on his use of discourse. He
wrote:
I skimmed more of [the 5 Practices] than any other book from last semester. I
remember, however, not agreeing with some of what I did read from that book. I
remember thinking it was okay that I did not agree with the book and it was
justifiable because I am a “critical thinker.” I guess I really needed a slice of
humble pie because the book gave suggestions, but it also pointed out some issues
with traditional teaching that I have failed to fix. In other words, I guess it would
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have been okay for me to disagree with the book if I had actually found ways to
fix the problems on my own. Now my distaste for the book at that time has
created a hole in my knowledge and understanding of how to teach mathematics.
(Student Teaching Journal, 2/17)
Following this reflection, David proceeded to more thoroughly examine his beliefs about
classroom discourse and to find ways to implement the practices. He recognized that at
times there was a lack of accountability in his teaching activities (Student Teaching
Journal, 2/17) and that some of his fears were reflective of low expectations that he did
not want to have (E-mail Exchange, 2/17). After this, David proceeded to implement the
5 Practices and wrote about his lingering fears in an e-mail to Dr. Strickland:
I wanted you to know that today I tried 5 Practices, I think. I will not say that I
tried it perfectly but I did some monitoring and sequencing today. . . . I think what
bothered me the most about the book was the idea that incorrect solutions can be
presented to the class by teacher request. I understand the thoughts behind that,
but I'm not sure I'm ready to try that yet. I think I'm scared. I realize that this is
incredibly low, low, low expectations, but what if I called on someone to present
incorrect information, regardless of how many people did it the same way and
what we could learn from it and someone said something mean to the student for
displaying incorrect information? I think that doing this and having students
constructively critique each other’s work would encourage student to student
discourse, but it's still kind of nerve-racking. Does this make sense? I feel
confident that I could react appropriately to someone saying something mean
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about a students' work, but if something mean is said, it's still been said. (E-mail
Exchange, 2/21)
During the rest of the semester, David continued to implement and practice discourse
tools that reflected research-based best practices.
Teaching episodes. The specific teaching episodes that were coded for David
included one lesson on the topic of simplifying rational expressions on the first day of his
Fall semester teaching unit in October and one lesson on vertex and standard form of
quadratic functions in late February. The first teaching observation took place on the first
day of a new unit of instruction on rational and radical expressions. The previous unit
included factoring and operations with polynomials. David’s overarching goal for the
lesson was to have students understand that expressions could be represented in different
ways. For this class period, the students were seated in rows facing the front whiteboard.
In the center of the whiteboard there was an interactive whiteboard on which David
projected questions to guide the lesson. During the lesson, David asked students to come
to the front to graph lines or write expressions.
The episode that I analyzed was the opening discussion on simplifying rational
expressions, which took place immediately after students reviewed two factoring
problems for bellwork. In the opening discussion, David first introduced the essential
question for the day: “How can I make rational expressions easier to work with?”
(Observation 1, 10/24). He then explained “So we’re going to learn about how to, I
guess, manipulate some types of rational expressions to figure out how to make them
look better and how to make them easier to read” (Observation 1, 10/24). David then
presented students with two equations: y = 2x + 2 and y = 2(x + 1) and led them through
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graphing the equations. Students did not have graphing calculators in the classroom, so
David encouraged them to remember graphing the first equation using the slope and
intercept and graphing the second equation by creating a table of values. Once both
graphs were completed on the board, David led a discussion concerning why the graphs
ended up to be the same line. Students stated that the equations were the same and David
helped them clarify their statement and recognize that the two equations were equivalent.
He then closed this episode by explaining that these are two different ways to represent
the same equation and that this was the point of the lesson for the day. After the opening
discussion, David moved on to explore rational expressions written in different forms
(shown in Figure 11). Later in the lesson, David introduced the concept of an excluded
value.
1)
2)

with
with

Figure 11. Rational expressions in David's first lesson.
The second episode I analyzed took place during a lesson in February of David’s
student teaching experience. This lesson occurred in the middle of a unit on quadratic
functions and was focused on understanding the connection between vertex form of a
quadratic function (y = a(x – h)2 + k) and the vertex of the graphed parabola. On the
previous day, students had explored quadratic functions in both standard and vertex
forms using an online graphing calculator in the computer lab. For this lesson, students
did not have graphing calculators and were generating graphs of quadratic functions from
a table of values and using their knowledge of the features of quadratic functions.

108
Following a whole class discussion using guided notes in which students identified the
vertex and axis of symmetry of quadratic functions written in different forms, David
assigned a problem for small groups to complete. In the problem, students were provided
with a graph of a quadratic function and asked to write an equation for the function. The
analyzed episode took place as David gathered the students for a whole class discussion
after solving this problem.
David opened the whole class discussion by saying, “Jamie, I really liked the way
your group started. What was the first thing you did when you solved this problem?”
(Observation 5, 2/22). He then led groups through explaining their methods for finding
the equation. Several groups identified the vertex and wrote the equation using vertex
form. One group identified the x-intercepts of the function, used those to write the
equation in factored form, and then multiplied to get an equation in standard form. David
questioned the groups to help them clarify their explanations throughout the
presentations. These presentations ended the lesson for the day.
Contrasting the two lesson episodes, there are differences in the types of discourse
that David used. In the first lesson, half of David’s statements were requests for
procedures and computations or teacher explanation. Examples of those statements are
presented in Table 7. However, in the second episode, David provided fewer
explanations and only requested procedures a few times. Instead, David asked students
to provide explanation of their reasoning. Examples of requests for reasoning are
provided in Table 8. David also made use of the practices of monitoring and sequencing
as he orchestrated the whole class discussion. He knew which groups had solved the
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problem in each way and called on those groups to share so that all methods were
presented in the order he determined.

Table 7
Examples of Statement Types in David's First Lesson
How would you graph this problem?
Examples of Requests
What is the slope of this problem?
for Procedures
What is your b in this problem?
Which one should we distribute?
This is y = mx + b.
Examples of Teacher
Your x-values have to do with across.
Explanation
You start at the y-intercept. This is the y-intercept.
You are going to have to go up and to the right.
Note. All examples taken from Observation 1, 10/24

Table 8
Examples of Statement Types in David's Second Lesson
How did you get those? Where did those numbers come
from?
Examples of Requests
Where did you get the -5 and -9 from?
for Reasoning
How did you think about this problem?
What was the first thing you did when you solved this
problem? Why?
Note. All examples taken from Observation 5, 2/22

The co-occurrence table created in Atlas-ti provides more detailed data about the
discourse in David’s coded teaching episodes (Table 9). This table shows that, along
with other types of discourse moves, David made use of the discourse move of revoicing
(or re-stating). In these statements, David is simply restating exactly what a student had
replied either directly back to the student or directing his statement to the whole class.
Revoicing statements include statements such as: “So you said you looked at the xintercepts, and it looked at about one and . . . about four” (Observation 5, 2/22) and “So
your slope is 2 over 1, correct?” (Observation 1, 10/24).
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Table 9
Co-occurrence Table for David's Coded Episodes
Code
David 1 David 2
Acknowledgement / Praise

17

8

Check for Agreement / Understanding

4

0

Other Teacher Statement

0

5

Request for Computation

3

0

7

3

15

2

2

6

3

0

Request for Rule Recall

2

0

Request to Read a Statement

1

0

Teacher Explanation

13

6

Re-Statement / Revoicing

9

10

Request for Procedure
(Information Seeking)
Request for Procedure
(Response Seeking)
Request for Reasoning
(Information Seeking)
Request for Reasoning
(Response Seeking)

In David’s first lesson, he asked questions of students that requested procedures.
Sometimes he was asking for a specific procedure: “Can we also use a table of values?”,
“Which one should we distribute?” (Observation 1, 10/24). At other times, when David
asked questions requesting procedures, he was seeking information about students’
thinking: “What else can we do? Does anybody know?”, “How would you graph this
problem?” (Observation 1, 10/24). In the second coded episode, David’s requests for
procedures were shaped by his use of Smith and Stein’s (2011) 5 Practices. Instead of
asking general questions to the class or asking volunteers for responses, he monitored
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student work and then, during the whole class discussion, he requested processes from
specific groups that he identified: “Now, Sarah, your group got something different,
right?”, “Jane, I really liked the way your group started. What was the first thing you did
when you solved this problem?” (Observation 5, 2/22). In this manner, David’s use of
discourse changed from the first observation to the second.
Outside influences. David made statements that indicate the influence of others
in authority on his teaching and the influences of the larger education system on his
teaching. At the beginning of the methods course, he did not yet perceive himself as a
teacher. As he was discussing his views on placement and tracking, he said: “I have
never been a teacher before. I’m just probably too idealistic” (Methods Class 4, 9/13).
Even after a methods class exchange in which the informal nature of discussions was
established as a norm, he insisted on seeking permission to ask questions (Methods Class
1, 8/23; Observation Conference, 10/24) and raising his hand to indicate he wished to
speak (Methods Class 2, 8/30). This practice stems from David’s moral code and sense
of respect for the instructors (Response to Story, 4/10) but also indicates his own
positioning of himself. David still did not view himself as a teacher when he taught
lessons in Anthony’s absence early in September. After David had been in Anthony’s
classroom for a few weeks, Anthony had to be absent. He left plans for David to teach in
his absence. When Natalie asked David how he felt prior to this, David replied: “I’m not
really super nervous. Because, I mean, [the special education team teacher] will be there
and there will be a substitute” (Methods Class 3, 9/6).
Discussions concerning authority in the classroom revealed that David felt
mathematics should be the authority in the classroom. When Dr. Strickland asked, “Who
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do you want to be the authority in your classroom?” David replied, “well definitely math.
Cause like I told you before . . . I don’t want to just stand up there and be like a math god.
You know, I want to be a teacher” (Methods Class 13, 11/29). David viewed
mathematics as the authority in the classroom. He did, however, view himself as the
authority for the learning of mathematics: “as far as learning mathematics, I need to be
the authority. I hope that I do that” (Interview 4, 11/30).
Throughout the year, David grappled with issues related to the larger system of
education and how that influenced his teaching. He questioned the sequencing of topics
in the state curriculum, asking “aren’t they really strict on how and when things need to
be taught. So like it’s almost hard to make connections if you even wanted to. Am I
right?” (Methods Class 3, 9/6). He also questioned practices within the Troy County
School system. David indicated his opposition to placement practices in a reflection,
writing:
I like the idea of pro-equity models but I am not sure that a school system can
truly achieve equity using data such as [End of Grade] and [End of Course] tests,
attendance records, suspension records and formative and summative
assessments. I just feel like we would still be using a deficit model if we look at
these statistics and decide a student's mathematical track based on those things.
(Reading Reflection, 9/11)
He also questioned the Troy County requirement that teachers must display the current
learning standards in the classroom at all times. David said, “I guess it almost looks
ominous to me sometimes . . . all the numbers and the standard jargon. And then 3A3. I
wish that didn’t have to be that. But I guess, does it have to be?” (Methods Class 1, 8/23).
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Later in the semester, David’s struggle with system rules became more specific to
his own teaching practice. When discussing an upcoming unit on transformations of
functions, David noted that horizontal translations and vertical translations were
separated in the curriculum. He relayed a conversation he had with another mathematics
teacher. He asked:
Why would they teach [horizontal and vertical translations] separate? And then I
. . . we kind of talked about how, if you wanted to use a different sequence for
your class, could you do that? She said not with data teams, because the unit tests
are where they get their data. But she said in the past they have been able to get a
group of teachers together that don’t agree with the sequence and they would use
a different sequence. . . . So, I kind of understand that, but personally I wouldn’t
want to separate them. (Interview 4, 11/30)
Although he understood the value of data teams (teams of teachers who taught the same
subject and collaboratively analyzed test data at the end of each unit), he did not always
agree with their decisions. He also commented that he was surprised by the lack of
autonomy in classrooms because of the way in which the data teams worked at WHS
(Interview 4, 11/30).
David recognized the ways in which school administration could influence his
teaching. He reflected on school rules, saying, “I even think about . . . students being
able to leave and use the restroom. I never would have thought I would tell a student
they can’t go right now, but I guess there are times when they can’t” (Interview 5, 2/28).
When discussing grading, David acknowledged the role that administration has in that
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area also. He believed in giving partial credit for work; however, he believed that this
could change by
administration telling me that like they don’t want [partial credit assigned]. Also
if I ended up getting, like if my grade in my class scores differ greatly from
standardized test scores (even though I don’t like standardized tests). I think that
my students should be able to look at their grade and say am I prepared for this
test. (Methods Class 12, 11/15)
David was puzzled by some system policies and wrote that he needed to
try to figure out my role . . . in the midst of a school district that just passes
students along. A very conservative estimate is that half of my students with
disabilities failed the CRCT and were passed on to ninth grade. Some of these
students even failed modified versions of the CRCT. (Student Teaching Journal,
2/17)
Identity and reflection. Without much prompting, David was a reflective
individual. Throughout the study, David shared his past experiences, revealing images of
his identity. He also spent a lot of time reflecting on his teaching, especially during the
student teaching semester, and readily shared those reflections.
When David discussed his own experiences in high school, he recognized his own
abilities in mathematics. He commented that “my favorite math subject is probably
Geometry, but I’m excellent at Algebra . . . like that is a talent I guess I have” (Interview
1, 8/31). Though he was talented in mathematics, he did not initially consider it for his
future career. He said “I was always kind of successful in math, I guess, but I never
wanted to do anything with it” (Interview 1, 8/31).
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David recalled his high school Calculus teacher, saying “she always put
conceptual understanding first” (Methods Class 1, 8/23). But he also remembered the
derivatives test that same teacher administered:
You had to take a ten problem derivatives test and she made you take it over and
over again till you got 100. . . . There was one opportunity in class the first time
and then if you didn’t get a 100 on it then you had to stay before and after class. . .
. I learned derivatives. (Methods Class 1, 8/23)
Although he said she always put conceptual understanding first, the vivid memory he
recalled was about memorization. When asked to identify his favorite teacher, David
said:
I can’t think of just one exactly. But I always remember the teacher of lessons
that I liked: as long as they’re really passionate about math and they just get
really excited, their passion makes me want to be passionate about it. (Interview
1, 8/30)
Although this was his recollection about favorite teachers, he did not see himself in the
same way. David stated that “I feel like my passion is more education than math”
(Interview 1, 8/30).
Throughout his reflections, David exhibited the peaks and valleys that he was
experiencing as he learned to be a teacher. When asked what his fears were on the first
day of class, David replied “being overwhelmed. I used to be scared that I would not be
successful and that I would go through all this getting a degree and then finally going into
the classroom and sucking at teaching” (Methods Class 1, 8/23). Later in the semester,
he commented “I know that I chose the right profession. I’m happy with where I am.

116
And I am excited to be a teacher” (Methods Class 11, 11/8). However, he recognized
that he still had a lot to learn. He said, “I really want to think about these [teaching
practices], and try to figure out the best ways I can teach” (Interview 3, 11/9). In a
reflection he wrote at the end of the methods course, David began to delineate his
strengths and weaknesses, commenting “I feel comfortable in classifying myself as a
strong subject matter expert and collaborative professional. I am not sure, however, that I
will ever feel comfortable labeling myself as a strong facilitator of learning” (Portfolio
Narrative, 12/2). Later, during student teaching, David noted a need for focusing on
areas for improvement even though he felt like he was successful in many ways. He
wrote:
I feel like what I’m saying in this journal this week is all things that you don’t
want to hear from one of your student teachers, but I wanted to be honest with
you so that you could help me. I also know that much of this journal is negative,
but I’m having a lot of fun student teaching and cannot imagine choosing any
other career. I was happy with some of the things I did this week. I made positive
parent phone calls on Friday. I showed students what excluded values look like
graphically. I felt like I contributed to the in-service on Thursday. But, I can’t
improve if I always focus on the good. (Student Teaching Journal, 2/10)
David was consciously trying to make sense of how his statements about his
beliefs and his actual classroom practice were aligned. As noted in the earlier section on
classroom discourse, David struggled with choosing whether or not to use certain
discourse practices. His reflections on the effectiveness of his own practice propelled
him to make changes so that his practice demonstrated his beliefs. During our final
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interview, in which I asked him to reflect on why he changed his answers on the beliefs
survey from the pre-assessment to the post-assessment, he said “I didn’t want to put an
answer that I didn’t really feel like I was practicing” (Interview 5, 2/28). David used
reflection to help himself make sense of his classroom practice.
Summarizing the Case
As a summary of David’s case, I will now present the models that emerged from
the analysis of the data involving David. Because David was just learning to teach, his
images of classroom practice were evolving. In order to better understand the changes
David was undergoing, it was helpful to separate David’s data into two sections: data
collected prior to and including his first three days of teaching in the fall (on a PreTeaching network), and data collected after his first teaching experience continuing
through his student teaching in the spring (on a Teaching network). By doing this, two
different but related models of David’s case emerged (see Figures 12 and 13). Each
model was formed during the analytical coding phase of data analysis. David’s related
statement (the open codes) from methods classes, interviews, reflections, and
assignments were sorted into piles, and names (analytical codes) for each group were
chosen. Analytical codes were only created if the open codes supporting it were gathered
from a variety of data sources. Data from the belief survey and classroom observations
were not included in the sorting phase of analysis but were used to support the emergence
of the categories. The titles in the models are the analytical codes that were chosen in
this phase. Following the models, I will discuss the relationships implied by the visual
structure of each model and delineate the quotations and other findings that formed each
category.
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Figure 12. Model from David’s Pre-Teaching network.

Figure 13. Model from David’s Teaching network.
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In the Pre-Teaching model (Figure 12), images of classroom instruction and
influences of authority were the center of David’s questions and reflections. His ideas
about the nature of mathematics, accommodating differences, self and identity, classroom
discourse, and comfort in the classroom were influenced by his concerns about classroom
practice and helped shape his ideas about classroom practice. The regions surrounding
the center are not clearly defined because the data indicated that David’s ideas in each
area were still forming. In order to depict this, the regions surrounding the center are not
completely enclosed to indicate that they are not clearly defined. The central category
(Images of Classroom Instruction / Images of Authority) emerged from data that exhibit
David asking questions about the ideas of instruction or authority. The Mathematics is
Certain category was supported by data in which David explained his beliefs about the
nature of mathematics or exhibited his belief in his practice. Data in the Accommodating
Differences category arose from David’s questions and discussions about accommodating
differences and differentiation. The Classroom Discourse category was formed by data
in which David discussed classroom discourse and by evidence of his attention to
classroom discourse through teaching observations. The final two categories (Comfort
and Self-Identity) were supported by data in which David discussed or exhibited the
influence of these. In Table 10, samples of the data that built each category are provided
along with the number of quotations in each category. These numbers do not include
evidence from classroom observations or the belief survey, which were also considered in
the formation of the categories but were not part of the Atlas-ti network.
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Table 10
Sample of Data Supporting Model for David’s Pre-Teaching Network
Category
(Number of
Quotations)
Images of
Authority
(N = 19)

Images of
Classroom
Instruction
(N = 19)
Mathematics is
certain and
organized with
multiple
pathways and
connections
(N = 20)

Accommodating
Differences
(N = 36)

Classroom
Discourse
(N = 17)

Comfort
(N = 31)

Self and Identity
(N = 33)

Representative Sample of Data From Analytical Coding
“Looking at a whole the curriculum can stretch across tables and finding
connections - I mean it takes more than me” (Methods Class, 8/23)
“If everybody is talking a lot and I have something I want to say so I raise
my hand. You want to keep talking and I want to say something. That’s
what we do in school.” (Methods Class, 8/30)
“I think that one thing I am worried about in my lesson is that what I have
planned will be too difficult and different and students will be tempted to
simply give up.” (Reflection 10/10)
“I’ve seen a lot in college like especially exploring . . . And so much
about different ways to solve . . . But I wonder about how that will be
done in the high school math classroom.” (Methods Class, 8/23)
“I believe that God created the universe and, um, that he made math, and
we’re just finding out more and more of what God had already created
and put into existence.” (Interview 1, 8/31)
“I truly hope to be able to implement discovery opportunities in my
future classroom so that students do not have to remember formulas
necessarily but they remember how to discover a formula and why it
works.” (Reflection, 8/28)
“I never would have believed in parallel teaching and I told him that. . . .
we could try these different models because a lot of them kind of scare
me. I would have thought parallel teaching would have been distracting
but it turns out I was the only one distracted.” (Methods Class, 8/23)
“I did try to put everything in their journals because I wanted it to
[disguise the differentiation]. . . there were some things that the students
with disabilities got that the other students didn’t.” (Observation
Conference, 10/24)
“As a teacher I have a greater responsibility than just asking questions,
but to think about the level of cognitive discourse of those questions . . . I
hope that all of my students always feel comfortable participating in my
future classroom; that is a really big deal to me. I want to have a
community of respect, especially for the students.” (Reflection, 10/16)
“I believe that it is important for mathematical conversations to most
often be in the form of teacher and student discussions with the teacher
initiating questions.” (MTPDBI Pre-assessment, Question 4)
“Are conversations in the classroom ever uncomfortable?” (Methods
Class, 8/23)
“[Understanding is] when you feel comfortable with a subject, and you
can explain it to someone else so they can explain it.” (Interview 2, 10/11)
“[Proof] came naturally [to me] . . . so I dread teaching it because I don’t
know how to learn it.” (Methods Class, 8/23)
“It really is a reward for them to learn something and really know it. For
me that is true as well - all I really want is to learn things.” (Interview 1,
8/31)
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In the Teaching model (Figure 13), classroom discourse became the central
feature for David, rather than the more general concept of classroom practice. The
regions surrounding the center region were clearly defined in this model because David’s
ideas in each area were more clearly determined. His early thoughts about
accommodating differences became a more coherent vision of equity for all students. As
data collection continued, David shifted from discussing the nature of mathematics as the
parts that make up a whole to discussions about making mathematics sensible for
students. In early discussions, David discussed his identity as it was formed by his own
experiences in school. Later, David spoke more about establishing his own identity
within the larger system of education. Finally, his visions of classroom practice as
characterized by discourse were bolstered by the reflective practices that he demonstrated
throughout the year. Table 11 includes sample data that were used to build these
categories.
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Table 11
Sample of Data Supporting Model for David’s Teaching Network
Category
(Number of
Quotations)

Classroom
Discourse
(N = 52)

Mathematics
should make
sense
(N = 28)

Equity for
all
(N = 32)

SelfReflection
(N = 27)

Struggle
with the
system
(N = 14)

Representative Sample of Data From Analytical Coding
“It’s hard for me to like send a student up [to the board] . . . that I know is
wrong.” (Interview 4, 11/30)
“Friday’s quiz proved that the Five Practices were what students needed. . . .
My concern was whether or not students would value the formula that we had
come up with as a class enough to write it down and remember the formula.
Clearly, their quiz results proved that they did.” (Student Teaching Journal,
3/2)
“As a student, when the teacher poses problems, I use the resources around
me to try to find the answer, or, try to do the best I can do think of an answer.
I think of my future students. They won’t always have the teacher there so
they do need to learn the resources and the knowledge they already have to do
that. And I guess, as a teacher, I need to find better ways to help them know
what that looks like.” (Interview 3, 11/9)
“Another concern I had with that day was whether or not students really
knew what was going on, and if at this point it would be possible for them to
know what was going on. For example, they have a great, firm procedural
understanding of how to find the vertex and standard form but do they really
know why that formula works?” (Student Teaching Journal, 3/2)
“I want to shift my mindset towards advanced students and give them more
challenging problems, but I have a concern. If I choose students in my class
who I feel are advanced, do I run the risk of failing to believe that other
students can be advanced as well?” (Reading Reflection, 10/31)
“There were students who we chose to place in the group that saw the
graphical approach Monday who needed some extra scaffolding before being
introduced to hard problems. I also feel like there were probably students who
were placed in the group that received more scaffolding that would have
benefitted better from the graphical, visual approach. As I write this I realize
that according to the NCTM standard of representation, all students would
have benefitted from both.” (Student Teaching Journal, 2/3)
“I thought that [the cognitive demand] was pretty close to if not doing
mathematics. . . . Then I said, with my help, . . . I feel like I lowered the
cognitive demand a little bit because I just kind of showed students ‘you have
these biggest questions now simplify them’.” (Methods Class, 12/6)
“I feel like what I’m saying in this journal this week is all things that you
don’t want to hear from one of your student teachers, but I wanted to be
honest with you so that you could help me. . . . But, I can’t improve if I
always focus on the good.” (Student Teaching Journal, 2/3)
“I don’t want to [judge my lessons based on a standardized assessment]
because then I feel that I’m judging a student’s knowledge based on whether
or not they know how to bubble in an answer.” (Interview 3, 11/9)
“I want to read the chapter from the Focus book on students with disabilities
again and try to figure out my role within the research from that book in the
midst of a school district that just passes students along.” (Student Teaching
Journal, 2/17)
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The Case of Anthony (The Collaborating Teacher)
Anthony, a White male in his early thirties, was in his seventh year of teaching.
He grew up knowing that he wanted to be a mathematics teacher, largely influenced by
his grandfather and his fifth-grade teacher. Anthony was raised in a northern state and he
moved to the south to go to college. After earning a Bachelor of Science degree in
Mathematics Education, Anthony taught in three different states before settling at
Washington High School. This study took place during Anthony’s fourth year of
teaching at Washington High School.
Throughout his time at Washington High School Anthony chose to teach only
ninth grade mathematics classes. He enjoyed working with younger high school students
and helping them transition to the high school setting and commented that “they’re still
moldable. But they’re not so immature. . . . The tenth, eleventh, and twelfth graders, I
feel they are . . . they are going the way that they’re going, and it’s hard to change their
path at that point” (Interview 1, 9/1). Along with coaching the track and cross-country
running teams, Anthony provided some technology training sessions to the department
and whole school faculty.
Beliefs About Mathematics
When I asked Anthony whether mathematics was discovered or invented, he
replied “Can it be both? Because we discover it . . . well it’s discovered. Because it’s
always been there. It’s not invented, it’s not like we’re creating it, it’s there” (Interview
1, 9/1). On both administrations of the MTPDBI, Anthony answered question six with
choice C: I believe that mathematics exists independent of human thought and is
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discovered. Though Anthony waivered initially in the interview, he was firm in his stated
belief and supported it when we returned to the topic later in the interview. He said:
Everything is the way it is; everything has been created the way it is. That goes
back to a religious place but I believe everything was created the way it was and,
that us learning something didn’t change the fact that it was there, it’s already
existing there. So the fact that pi equals 3.1415, that has been there since the
beginning, and we didn’t make that happen. (Interview 1, 9/1)
He also discussed times when students directly asked him about the origins of
mathematical concepts. Anthony explained that his students would ask who made a
concept or who created a process. He answered those questions with “Someone didn’t
make it, they figured it out. They had a problem, and they tried to figure out the solution
to that problem” (Interview 1, 9/1). Anthony’s answer to questions nine on the MTPDBI
echoed this belief. On the pre-assessment, Anthony responded to the prompt “I believe
mathematics is mostly:” with choice B: proving existing ideas. On the post-assessment,
Anthony shifted to a slightly more student-centered response of choice A: problem
solving. Both responses, however, corroborate his belief that mathematics is about
finding solutions to existing problems using ideas that are already known.
Anthony viewed mathematics as the study of numbers and elaborated on that
belief by saying “it’s really just understanding how things around us are related and
connected, and predicting one thing from another thing – using numbers” (Interview 1,
9/1). He talked about wanting students to see the “bigness” of mathematics. When he
discussed how he wanted his students to think about mathematics he said “I do want them
thinking about the big picture, of how they can use it outside of [this class]” (Interview 4,
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1/20). He also explained his hope that his students will “not necessarily remember the
facts I’ve given them, and the information I’ve given them, but to be able to rediscover it,
and kind of use that ability to figure out other stuff” (Interview 3, 12/12), again reflecting
his belief that mathematics exists and is being discovered.
Beliefs About Teaching and Learning
During the second interview, I asked Anthony to choose a simile for teaching.
(See Interview Protocol in Appendix B). He said, “Any teacher is a lot like an
entertainer. That’s definitely a fact that I feel like I’m putting on a show three times a
day” (Interview 2, 10/3). When prodded to explain what the role of the entertainer was,
he explained that it was to keep students “engaged or excited” (Interview 2, 10/3).
However, he also continued on to provide another response:
I’d say coach. Because a coach is designed - I mean their job is to give them a
skill set so that they can go out and achieve their highest potential. . . . We’re
giving them a skill that they can take and go beyond that. (Interview 2, 10/3)
Both of these images, teacher as a coach and teacher as an entertainer, were exhibited
throughout the study by Anthony.
Similar to the organization that many coaches employ, Anthony liked structure in
his classroom. When describing the general format of his class he said “I am very - I’d
say strict. I like a structure. The kids - they learn within a week that when it’s time to sit down and be quiet, we get in our desks and we’re quiet” (Interview 1, 9/1). Along
with creating a structured learning environment, he was a master classroom manager. If
students were working in small groups and he needed the whole class’s attention, he
would say “Give me your attention up front again. If someone in your group is talking,
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please ask them to stop” (Observation 1, 9/20). He would give this instruction once and
students would respond. The students in his classes knew what the classroom procedures
were, they were expected to follow them, and they did.
At times, Anthony had to reprimand students either while he was teaching or
while David was teaching. In those instances, he handled the situations efficiently and
with only minor disruption to the flow of class, just as a caring coach would do. On one
occasion, two boys were talking out of turn during a lesson in the computer lab. Anthony
directed the rest of the class to close down computers and then approached the two boys.
In a calm voice, he said:
That whole time I was talking you two guys were talking. The whole time. After
I came back here and said see me after class. That’s like hey, stop, and you kept
going. So, it was going to be like, hey guys, come on, don’t talk while I’m
talking, but now I have to do a punishment. I have to do something because you
can’t listen. So I’ve got to persuade you to listen. So after class we’ll discuss
what we’re going to do. (Observation 4, 1/17)
Anthony followed through and met with the boys at the end of class. When Anthony
handled a disciplinary matter, he did it with respect, in a quiet, calm tone, and with
firmness similar to the way in which a coach disciplines his athletes.
Anthony established norms in his classroom to aid in maintaining the structure
that he liked. Student desks were arranged in rows and students had assigned seats. On
many days, students rearranged their desks into groups but then returned them to rows at
the close of the class. During whole class lessons, he had an established practice of
checking for comfort level on a new topic with his students. He asked “Who’s in the
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green? Who’s in the yellow? Who’s in the red?” (Observations 9/20, 9/28, 1/17, 1/18)
and students would indicate their level of comfort with the new material with a raised
hand or a thumb’s up signal.
Anthony liked some variety in his lessons but followed a pattern within the
variation. Like a coach, he had a pattern of elements that he used to enable his students
to learn mathematics. Most weeks he used guided practice to present new material on
Mondays and Wednesdays and then implemented group activities to reinforce the new
material on Tuesdays and Thursdays. Fridays were often reserved for tests or other
assessments or, occasionally, new material or completion of other activities from the
week. The presentation of new material often took the form of guided notes, with which
Anthony led the class through discussions with questioning and explanation while
students recorded the information on notes frames that he provided. He used electronic
slide shows to guide his lessons from bellwork to lesson content to practice. Tuesday and
Thursday group work sessions were often in the format of work stations. Students
worked in groups on problems related to the previous day’s lesson and rotated through
the stations at regular intervals controlled by a timer while Anthony, David, and the
special education co-teacher circulated the classroom answering questions (Observations,
9/20, 1/18). Anthony explained that he often liked to “put them in groups and actually
have them work out a set of questions with their partners, just to get a little practice time”
(Interview 2, 10/3).
In developing lessons, Anthony believed “if I can create an activity or
investigation that helps them to discover [a concept], then they’re more likely to retain
that knowledge” (Interview 5, 2/28). Although this was his ideal way of teaching, he
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recognized that there were times he had to resort to lecture, which he described as his
least favorite lesson format:
Every once in a while it feels like it just has to happen. Like we maybe fall
behind a day, and I just have to say, “okay, today’s a work day. We have to focus
and we have to learn this stuff.” I do break it up with maybe small group things. .
. . But I hate just talking to them. I bring them in as much as I can and get them to
re-explain what I just said, but I just hate standing in front of the room and
explaining. (Interview 1, 9/1)
Later he reiterated the struggle that “I do feel like there are times I just have to say, this is
it . . . this is a fact, and now let’s do an activity now that we know that fact” (Interview 5,
2/28). Anthony also recognized that he often fell into the practice of lecturing at the
wrong times: “it’s usually the hard [lessons], the ones that the kids don’t get, and that’s
probably the time that I shouldn’t [lecture] the most” (Interview 1, 9/1). He described his
presentation format as guided practice: “So we just did a little bit of ‘here’s how to do
it.’ I did three examples, now you do three together” (Interview 1, 9/1).
Anthony was comfortable in his teaching. He commented that there have been
times when he was not so at ease as a teacher: “It’s just that first time teaching [a topic],
I don’t have that experience of what works best for the kids” (Interview 2, 10/3). He
believed that he had a system that worked for students, explaining “I’ve done it for seven
years, my kids get good scores, so why change?” (Interview 3, 12/12). He also believed
that he just needed to figure out what methods worked best for his students and once he
had accomplished that, then he was comfortable in his role as a teacher.
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As an early teacher I think I got uncomfortable sometimes, in certain situations. I
think just not knowing how to react in certain situations. Definitely as an early . .
. as a young teacher there’s that fear of messing up in front of the kids, but I’m
over that. I mess up every day. And the kids know that that’s part of the deal. We
all mess up. (Interview 2, 10/3)
Anthony had clear beliefs about how students learn. He believed that before
mathematics could be applied to problem situations, students must first learn basic
concepts. Anthony described a lesson by saying “So we started with that lesson just
getting the basics, the facts, so we could apply it moving forward” (Interview 2, 10/3).
He also believed in providing scaffolding when students did not have basic concepts
mastered. As he reflected on another lesson, he explained:
Today we were talking about sequences, so we were working through, trying to
find a pattern, and then try to find a general formula or rule that gives me that
pattern. We needed to know our multiplication facts to do that. There were two
kids that were struggling, and I handed them a multiplication sheet to help them
find the pattern. (Interview 3, 12/12)
Anthony also discussed his use of discourse through group work in his classroom.
He believed that “the best way to learn something is to explain it yourself” (Interview 3,
12/12). He stated his belief that this type of discussion created connections in the brain.
“By repeating something, saying it, and thinking through the steps and giving someone
an explanation it is kind of making those connections” (Interview 3, 12/12). He
structured lessons and activities in his class so that students would have multiple
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opportunities to discuss a concept with peers and evaluate each other’s work. He
explained his reasoning:
To have a time where we can have the students self-teaching, and working on it. I
think that’s where they start catching their mistakes, is when they’re actually
doing it together and they see their partner got one answer, and they got a
different answer, why did we get it different? What am I doing wrong?
(Interview 2, 10/3)
He wanted students to use discourse during these times to make sense of the mathematics
being taught.
Anthony also liked the ways in which small group discourse could allow him to
focus his instruction during a lesson:
I like that because it gives the kids freedom to work together. And so once again
there is teaching between the students, but it lets us stop and focus on one or two
kids at any given moment. And so we can give that little small group instruction.
So it’s almost as if I get five or six separate classes at once. (Interview 1, 9/1)
Anthony also believed that group work time was engaging for students, which he earlier
related to the entertainer simile. When asked how he might want to change a particular
lesson, he explained: “we decided that we wanted to put more group time in there, to
make it more engaging” (Interview 2, 10/3). Anthony believed that the use of small group
discourse benefitted his students in many ways: it allowed students to explain their
thinking which builds connections in the brain, it allowed students the opportunity to
evaluate each other’s work, it kept students engaged in learning, and it allowed him time
to work one-on-one with students.
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Anthony believed that students needed to have an internal desire for learning in
order for them to be able to learn. When asked what students needed in order to learn, he
replied:
I’d go back to that desire to get it. That desire to . . . they need some reason to get
it. To want to get it. Either to pass the class, or do well on the test, or because
they want to learn it. They need some reason internally to take it. (Interview 3,
12/12)
He characterized the qualities of a good student: “the curiosity, the desire to get it and see
why. Why it is the way it is. And then go a step further, and ask how do I use this?
What’s the point of this?” (Interview 3, 12/12). Although many of his students did not
possess these qualities, Anthony still believed his students were capable of learning.
When discussing the frustration that teachers in his school were voicing about current and
upcoming curriculum changes, Anthony countered complaints that the topics “were too
difficult for the kids” or “my kids aren’t ready for that. They can’t get that” by saying
“But they do. They’ve just got to give them the time. I mean – it takes longer”
(Interview 1, 9/1).
At the same time, Anthony also recognized the struggles of working in a lowperforming school such as WHS. He continued his discussion of curriculum changes and
said: “Whatever it is, it’s the same kids and it’s the same material, and it doesn’t matter,
they’re still going to get it or not” (Interview 1, 9/1). He was aware that all of his
students would not be successful. Though he wanted his students to achieve a high level
of understanding, he acknowledged that “maybe half [reach a high level of
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understanding], I don’t know. I mean, 30% fail my class, so certainly 30% aren’t getting
there. If not more” (Interview 3, 12/12).
Anthony pinpointed a few of the issues he felt his students struggled with. He
characterized their limited view of mathematics: “I don’t think [the students] get it, I
don’t think they see the bigness of it. And hopefully with each thing we do they see part
of it” (Interview 1, 9/1). He believed in using his class to help students develop a more
encompassing image of mathematics but admitted that students often did not have the
ability to do so. He said:
I think you have to be creative to come up with that solution. I mean there’s
common sense and then there’s just getting outside of your environment, your
closed box. That’s where our kids struggle. That’s where the kids struggle, in
getting outside and seeing the big picture and being creative about it. (Interview
1, 9/1)
Though he believed his students were capable, he believed they had limitations to their
learning.
Teaching Episodes
Episodes from two of Anthony’s lessons were analyzed. The two lessons were:
an introduction to multiplying binomials; and solving systems of equations graphically by
identifying points of intersection. The first lesson took place early in the course’s second
unit on operations on polynomial expressions and analyzing graphs of polynomial
functions. The observed lesson occurred after students had learned how to add and
subtract polynomial expressions. The goal for this lesson was for students to be able to
multiply binomials and polynomials using distribution.
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Anthony began the lesson with two bellwork questions involving addition and
subtraction of polynomials (Figure 14) which students began as soon as they entered the
classroom. As he reviewed these problems with students, he used color-coding on the
interactive whiteboard to assist students in grouping like terms. Anthony asked students
to provide explanation of the solution throughout his presentation. He also had students
generate a list of rules for adding variables and multiplying variables which he recorded
on the board (Figure 15). Following the bellwork problems, Anthony gave students five
monomial multiplication problems, in order to review content from the prior school year
(Figure 16). During the discussion of these problems, Anthony continued to remind
students of concepts such as the distributive property and rules for operations with
exponents.
1) (6x5 + 7x3 - 2x) + (8x5 + 4x2 – 3x + 2)
2) (2xyz + 3x – 5 + 2) – (5x + 2z – 3x + 5)
Figure 14. Bellwork questions from Anthony's first
lesson.

Add Variables

Multiply Variables

Add coefficients and
Multiply variables and
Keep exponent the same
Add the exponents
Figure 15. Monomial operation rules from Anthony's first lesson.

1) 3(x + 5)
2) 7(m – 3)
3) x2 · x3
4) 4x2 · x3
5) 4x2 · 5x3
Figure 16. Monomial multiplication review problems from Anthony's first lesson.

134
The analyzed episode began at the conclusion of these opening review activities.
Anthony presented the problem 4x2(2x – 3) and asked students to consider the similarities
between this problem and the review problems they had just completed. He led students
through a solution to this problem, asking students what they had done at each step
through the solution: “What do I do with the coefficients?” “Did you notice the sign in
front of here?” (Observation 3, 9/28). Anthony also used a metaphor of a mailman
delivering mail to houses to help students remember the distributive property. In this
problem, 4x2 was the mailman who was delivering to the houses of 2x and –3. Following
this example, Anthony gave students the problem 3x3(2x3 – x2 – 7x + 4) and asked them
to identify the mailman and number of houses to which the mailman was delivering mail.
He then led them through whole-class questioning to distribute 3x3 through to the first
two terms. After this, he gave the class a minute to complete the problem while he
circulated the room. Anthony then returned to the front of the room to complete the
problem. This ended the analyzed episode.
Anthony continued on in this lesson to expand the process of multiplying a
polynomial by a monomial into the process of double distribution in which the first factor
was a binomial and the second factor was a polynomial. He continued the metaphor of
the mailman to help students connect the ideas by establishing a scenario in which a
mailman and a United Parcel Service deliveryman were both in the same neighborhood
delivering packages. The lesson concluded with Anthony presenting solutions to guided
practice problems at the board, during which time he purposefully made mistakes for the
students to identify and correct.
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The second analyzed lesson for Anthony took place at the beginning of the
course’s second unit on polynomials which was taught in January. The goal of this
lesson was to have students identify the point of intersection of the graphs of two
functions as the solution to both of the equations. The lesson opened with two bellwork
problems in which students solved multi-step one-variable equations; x + 8 = 3; 2x + 6 =
10; and

. Anthony led the class through a discussion of solutions to the

bellwork problems, including a discussion of multiple ways to solve the second problem
by changing the order in which operations were applied. He then presented the idea that
equations could be used to model real-world problems and then those equations could be
used to find answers to those real-world problems. Anthony then described the goal for
today’s lesson:
Today we’re going to talk about the intersection of several different graphs.
You’re going to see a graph, actually two graphs together, and we’re going to try
to figure out where those two graphs cross. Where do they intersect? I want to
work from a point where we’re giving you the graph, to eventually where we give
you two equations and you find out where the graphs of those equations would
intersect. (Observation 4, 1/17)
The analyzed episode began after Anthony’s statement of the lesson goal. At this
point, Anthony asked students to explain what they thought the term intersection meant.
On the guided notes sheets that he had given them, students recorded their own
definitions of intersection. Anthony then led a class discussion in which he asked
students to share their definitions and he related the idea of intersection to the ways in
which people give driving directions. He asked “If I was trying to give somebody
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directions to where Washington High School is, if somebody knows the area, or they
don’t know exactly where the high school is, could we say Main Street and Valley
Avenue?” (Observation 4, 1/17).
After establishing the idea of an intersection, Anthony displayed a graph with two
lines on it and asked a student to come to the front to mark the point of intersection. He
then asked the class for the coordinates of the point of intersection and asked students to
identify which of the equations listed on the board corresponded with each graph. This
identification sparked a review of slope and y-intercept for linear equations led by
Anthony. Next Anthony displayed another set of functions (f(x) = 2x – 4 and g(x) = – 3x
+ 6) and asked students to identify the intersection of the functions. After students
correctly identified the point of intersection at (2, 0), Anthony explained that the point of
intersection would be referred to in different types of questions:
One question would be ‘Where is the intersection, at what point do the graphs
intersect?’ That’s our answer right there: they intersect at (2, 0). The other
question we’ll ask is ‘What are the solutions?’ . . . And what we’re typically
looking for when we say ‘What are the solutions?’ are the x-values of where they
cross. What is this x-value where they hit each other? (Observation 4, 1/17)
This explanation concluded the analyzed portion of the lesson.
In the rest of the lesson, Anthony modeled a real-world problem involving two
scenarios for salary plans and then continued on to ask students to find solutions of
systems of equations in which the equations were not both linear. After this, the class
moved to the computer lab for twenty minutes where students used an online graphing
calculator to graph systems of equations and identify the coordinates of the points of
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intersection. The next day, Anthony continued with solving systems of equations but
moved onto algebraic methods of solving.
Analysis of the discourse in these lessons showed that Anthony’s discourse was
similar in both lessons. In the co-occurrence table (Table 12), the majority of codes show
close to the same number of occurrences in each episode. Anthony employed the
discourse move of revoicing or re-stating his students’ statements 15 times in the first
episode and 33 times in the second episode. Examples of these statements include: “I
heard third and fourth. Third power, fourth power” (Observation 3, 9/28) and “So at first
we were saying the red one goes with f of x. Now we’re saying it goes with g of x”
(Observation 4, 1/17). The data also indicate that Anthony made wide use of the practice
of explaining mathematical ideas for his students (as described in Table 13): 30
occurrences in the first coded episode and 25 occurrences in the second coded episode.
Although Anthony peppered his lectures with questions to engage students, he asked
almost no information-seeking questions and few questions that required explanation of
reasoning. The questions he did ask revolved around performing computations or
recalling a rule.
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Table 12
Co-occurrence Table for Anthony's Coded Episodes
Code
Anthony Anthony
1
2
Acknowledgement / Praise

8

5

Check for Agreement /
Understanding

8

11

Other Teacher Statement

15

10

Request for Computation

7

13

0

1

7

4

0

2

3

5

Request for Rule Recall

6

20

Request to Read a Statement

0

0

Teacher Explanation

30

25

Re-Statement / Revoicing

15

33

Request for Procedure
(Information Seeking)
Request for Procedure
(Response Seeking)
Request for Reasoning
(Information Seeking)
Request for Reasoning
(Response Seeking)

Table 13
Examples of Explanation Provided by Anthony During Lessons
So following our little basic rule that we got to begin with, multiply the coefficient,
and add the exponents. We get 8x4. (Observation 3, 9/28)
And we have our mailman of 3x3, and he’s going to deliver to all four of these
separate houses. So we’re going to go ahead and distribute, just like we did a second
ago. He’s going to pass his mail out. (Observation 3, 9/28)
Where they cross. Right? Where they hit the same spot. Where they’re in the same
place at the same time. (Observation 4, 1/17)
That means that f of x must be the one that goes through the origin. This has a yintercept of three, that means it must go with the graph that goes through y is at three.
Exactly what we talked about last week. (Observation 4, 1/17)
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Reflection and Change
Throughout the study, I asked Anthony about the ways in which he had changed
his teaching or ways in which he was considering changing his teaching. During the
reflection on one observed lesson, Anthony explained his reasoning for choosing to make
changes in lessons:
If I feel like the kids are just out of it or bored to death, I’m looking for how can I
change the attitude, or change what’s happening here because there’s no reason to
just kill them with boredom. So I try . . . that’s usually the key thing that tells me,
okay, I need to change what I’m doing. (Interview 2, 10/3)
He was motivated to change lessons because of observations of how students reacted to
those lessons. When I pressed him to explain how he changed lessons, Anthony
described altering the slide show that structured the lesson:
I changed the power point a little bit. Last time it was . . . it was more just a set of
here’s two functions, find the solution. Find the solution, or find their
intersection. It was just question, question, question, question, question. Here, I
think we made more connections to the graph. We did a long focus on the graph
and then we brought that to the solving, and I guess connecting them together
more. Last year I don’t think I did as good with that. (Interview 4, 1/20)
He looked for adjustments that could be made to improve lessons either through
rearranging the order in which concepts were incorporated in the lesson or by changing
the emphasis on various concepts.
There were times when our discussions seemed to spark further reflection on his
teaching. At the end of an interview in which I had asked him to reflect on an observed
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lesson, he stated “You asked me some good questions to make me think about changing
things. So that’s good” (Interview 4, 1/20). Anthony was open about admitting to
classroom practices that he wanted to use but did not. When he described an ideal
classroom practice as incorporating student-to-student discourse in which students were
asking each other questions and were curious about mathematics, I asked him if he
provided those opportunities. Anthony replied, “Probably not enough. And it probably
comes from me not trusting that they’ll get there and do it” (Interview 5, 2/28). During
another conversation, I asked Anthony if he felt as though his students had mathematical
authority during the lesson he had taught. He replied:
Hmm. Maybe they didn’t. I don’t know. I don’t know how to measure that. . . .
It certainly wasn’t them discovering it. . . . I definitely gave them. That was me
giving for sure. It kind of makes me think, maybe I should start with the question,
like the cell phone problem. (Interview 4, 1/20)
As these examples demonstrate, Anthony thought about the interview questions and was
interested in thinking about improving his classroom practice.
Because the methods course that David was taking in the fall met at WHS, the
course instructors asked Anthony to participate in the class meetings and join in the
discussions. The class met during Anthony’s planning period (the last period of the day)
and then continued for another hour and a half after the end of the school day. Of the 14
class meetings, Anthony attended three times. He often had planning meetings with other
mathematics teachers that took place during his planning time. After school he also had
to assume his coaching duties.
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Though he did not frequently participate in the class, he did discuss being
influenced by at least one of the assignments for that course. David was required to
observe Anthony teach and record information about the types of questions that were
asked during class, scrutinizing that aspect of the discourse of the lesson. Anthony
discussed David’s findings from his observation:
There definitely were some spots I could have improved on, things that [David]
noticed, mostly just letting the kids off without knowing for sure if they got it giving them more credit than they probably deserve on their answer. . . . It was
good he was able to see that. He heard their answer, I took it one way, he walked
over and looked at their paper, and they had something completely different.
(Interview 3, 12/12)
Anthony went on to clearly describe the practices that David had remarked on in his
assignment. Anthony explained:
So instead of having them clarify more, I was, I was clarifying for them to the
class. I didn’t know they were way off on their paper, but they said the right
answer . . . but I had no idea their answer came from bad thinking. You have no
idea until someone else points it out for you. (Interview 3, 12/12)
Anthony was also asked to read the required literature for the methods course
along with David. He did not find the time to read most of the pieces, citing time
restrictions as the reason for not completing the readings: “Because I would have to do it
outside of school, and that would cut into wife and son time. It just doesn’t happen”
(Interview 5, 2/28).
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Anthony commented that David did have an influence on choices that he made.
He explained: “The things that if David came and said, ‘this is really good - I like this
specific thing.’ Those are the things I read” (Interview 5, 2/28). Anthony also borrowed
problems David created for the class that he taught in the fall and used them in the other
classes that Anthony was still teaching (Interview 4, 12/12). Anthony even found that his
own observations of David’s teaching were an influence, remarking “when I give David
feedback, I’m thinking, ‘well, what do I do? Do I do that?’ ” (Interview 5, 2/28).
Anthony was open with David about comparisons he was observing between his
own teaching and David’s teaching. During a conference with Dr. Strickland after one of
David’s lessons, Anthony commented “You did fantastic. . . . It was more fun than our
normal class” (Observation Conference, 10/24). After David analyzed one of Anthony’s
tests for an assignment, Anthony described responding to David’s pattern of constantly
questioning classroom decisions:
So why’d we do that? I feel like I can justify it by saying, “well we do that
because of this, this, and this, and I think we should keep doing that.” He says,
“okay, I think you’re right.” And there’s other [changes] we agreed together, like
our test. Okay, it’s not a good measure of what they know. And my justification
has always been, but I know what they know, and I’ve seen it. I justify my
teaching more with what I think they know. But it’s not a good . . . that test is not
a good picture of [student knowledge]. (Interview 3, 12/12)
Anthony later said that he planned on changing the test in question to include more
higher-order thinking questions. David’s questioning served as a stimulant for reflection
for Anthony.
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At the end of the first semester, I asked Anthony if he had any goals envisioned
for the next semester during which David would be in his classroom full time. He
explained:
I hope it’s going to be a good time for us . . . to create things to reach all the
different levels. Differentiation, there might be three of us teaching the same
thing at once at different paces and in different way. Different station teaching,
stuff like that. So, that’s what I look forward to a lot. But, hopefully we both
question each other’s methods, and we both get better out of it. (Interview 3,
12/12)
Anthony looked forward to the potential growth that both he and David could experience
during the student teaching semester. In the middle of the student teaching semester,
Anthony commented “David has been an influence over the semester. He has new ideas,
and he’s not scared to try things. And, so, I see him try something, and see that it works”
(Interview 5, 2/28). Experiencing the work that David was doing in Anthony’s classroom
with Anthony’s students became a source for considering change for Anthony.
Summarizing the Case
As I did with David’s story, I will now present a model to summarize the themes
that emerged during analytical coding in Anthony’s case (Figure 17). The variety of data
available for Anthony is more limited than that for the other two participants because he
did not participate fully in the methods course as was expected. Therefore, data for
Anthony’s network were drawn from interviews, observation conferences following
observations of David’s teaching, and teaching observations. Analytical codes were
assigned only if the open codes supporting it were drawn from a variety of sources.
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Figure 17. A Model of Anthony's Case.
In this model, the categories are each enclosed in a box. This is meant to signify
that Anthony had clearly defined beliefs in each of the emerging categories. Quotations
that formed the category “Perceptions of Students” include comments Anthony made that
indicated beliefs he had about his students’ abilities and needs. His beliefs about his
students seemed to form a core around which he held beliefs about teaching and learning.
The category “Discussions as Engagement” emerged from quotations related to
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Anthony’s image of teaching as entertaining and the category “Teaching as Coaching”
was supported by quotations related to his image of teaching as coaching. Another
emerging theme, “Mathematics is Discovered” centered on his beliefs about mathematics
itself. The ways in which he changed or considered change were more greatly influenced
by the experiences that David brought into his classroom. Evidence of this theme is
found in the “Reflection and Change through Experience” category. In Table 14,
samples of the data that built each category are provided along with the number of
quotations in each category. These numbers do not include evidence from the belief
survey, which was also considered in the formation of the categories but were not part of
the Atlas-ti network.

146
Table 14
Sample of Data Supporting Model of Anthony's Case
Category
(Number of
Quotations)
Perceptions of
Students
(N = 20)

Mathematics is
Discovered
(N = 28)

Discussions as
Engagement
(N = 29)

Teaching as
Coaching
(N = 32)

Reflection and
Change through
Experience
(N = 31)

Representative Sample of Data From Analytical Coding
“Whatever [the curriculum] is, it’s the same kids and it’s the same
material, and it doesn’t matter, they’re still going to get it or not.”
(Interview 1, 9/1)
“And my justification has always been, but I know what they know, and
I’ve seen it. I justify my teaching more with what I think they know.”
(Interview 3, 12/12)
“I believe that mathematics exists independent of human though and is
discovered.” (MTPDBI pre- and post-assessment, Question 6)
“I want [students] to take ownership in what they’re learning . . . if I can
create an activity or investigation that helps them to discover it, then
they’re more likely to retain that knowledge.” (Interview 5, 2/28)
“[I like to] have a time where we can have the students self-teaching, and
working on it. I think that’s where they start catching their mistakes, is
when they’re actually doing it together and they see their partner did
[something different].” (Interview 2, 10/3)
“One of my favorite ways of doing [stations], we get the kids in six or
seven groups around the room, we get a timer up on the screen, and they
rotate between them. . . . I like that because it gives the kids freedom to
work together.” (Interview 1, 9/1)
“We’re not going to surprise you on Friday and give you these crazy
questions. We’re not trying to shock you on test with something crazy.
You’re seeing everything you’re going to see on Friday. So hopefully we
get to a point where we know them. You see a question and you know
immediately what kind of question it is and how to calculate it.”
(Observation 1, 9/20)
“I’ve taught this class for several years in a row. I bet this year when we
get to units five and six because they’re coming - they’re new, it’ll be my
first time ever teaching those topics. . . . It’s just that first time teaching, I
don’t have that experience of what works best for the kids.” (Interview 2,
10/3)
“David has been an influence over the semester. . . . He has new ideas,
and he’s not scared to try things. And, so, I see him try something, and
see that it works . . . like the think pair share thing is something that I’d do
more of.” (Interview 5, 2/28)
“[David’s lesson] was more fun than our normal class. . . . [My lesson]
was less decentered than his.” (Observation Conference following
David’s teaching, 10/24)

The Case of Natalie (The Methods Co-Instructor)
Natalie, a Black female in her thirties, was in her 12th year of teaching high
school mathematics. She taught in a different region of the state for nine years and then
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moved to Troy County, where she was in her third year of teaching at Washington High
School. Natalie started college with the idea of becoming a lawyer and later changed her
major to Mathematics. She holds a Bachelor of Science degree in Mathematics and a
Master of Science degree in Applied Mathematics. Although she was supported in her
teaching career by her mother, Natalie’s father disapproved of her career choice, telling
her she was “just babysitting” (Methods Class 2, 8/30). When Natalie moved to Troy
County she was offered positions at a high performing school in Troy County and at
Washington High School. She chose Washington High School because she felt she could
make a difference and do meaningful work there. Along with working with the grant
team, Natalie served as the lead instructor for one of the math courses she taught, leading
professional learning activities for that group of teachers and guiding the team’s course
planning.
When I first met Natalie and described the study to her, she seemed excited to
participate. In the original design for the study, I did not plan to observe Natalie’s
teaching because she was not supporting an intern in her classroom. She was the coinstructor for the methods course and the study involvement planned for her only
included participation during the methods course. However, two weeks into the methods
course our student enrollment dropped to one student and I was forced to re-envision the
study. From my first two weeks of observations, I had been intrigued by Natalie and so I
asked if she would consent to greater participation in the study including classroom
observations and interviews. She immediately agreed. However, a few days later Natalie
sent me an e-mail withdrawing from the study citing that the timing was not good for her
to participate. I spoke with her about it during methods class the next week and offered
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her some adjustments to the study design: her classes would only be observed during the
fall semester, and interviews would take place at appropriate times during the methods
course so that she did not have to schedule any additional time to participate in the study.
I also reassured her that I would be as unobtrusive as possible. After that conversation,
Natalie agreed to think about it more and a few days later agreed to participate with the
new study design.
Beliefs About Mathematics
Natalie answered questions about her beliefs about mathematics without
hesitation. To each question she responded quickly and with confidence. When asked if
mathematics was invented or discovered she replied: “I think it’s invented. Because I
think that there’s always new ways of doing things and new ways of adding onto the
science of it” (Interview 1, 9/20). She went on to explain that she had once thought
differently about mathematics, saying:
I’ve heard it said that God was the greatest mathematician ever so a lot of people
think that math was already there and it’s discovered. I actually used to feel that
way, but now that I’m teaching I think it’s more invented. (Interview 1, 9/20)
On the pre-assessment survey, Natalie answered question 6 with: I believe that
mathematics is a) invented and question 13 with: I believe that the body of mathematical
knowledge is c) surprising, expanding, and driven by new problems. Natalie’s views of
mathematics were impacted by the practice of teaching the subject. Throughout the study
she supplied evidence that this transformative effect of teaching created an ongoing
evolution of practice for her.
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Natalie also believed that the field of mathematics was still expanding. When
asked if she thought mathematics was growing, she explained: “I still think we can add
on to it and invent things for it. I think it’s continuous, like it’s growing, it’s living”
(Interview 1, 9/20). She envisioned her students as capable of contributing to that
growth; she explained, “I would like for my students to eventually one day come up with
a method . . . another method . . . for solving equations, or something like that” (Interview
1, 9/20). She recognized that the mathematics we see in schools was not the whole
picture of mathematics but had goals for her students to be able to move beyond school
mathematics. She believed that the purpose of mathematics in schools was to encourage
critical thinking and that it was her job to make sure her students could use mathematics
to solve problems after they left her class (Interview 1, 9/20).
Natalie had an encompassing view of mathematics. She compared mathematics
to a lion:
Because it’s the king of the jungle. I think math is supreme, I think it’s powerful,
and I think that it can make you an amazing thinker and it can open the door for
so many other areas and subjects. . . . . One thing I like about teaching math is
that, with my students, it doesn’t really matter if I like it or not, it’s whether they
know it and they can think through the problem. So it’s more primal, it’s natural.
(Interview 1, 9/20)
Natalie’s vision of mathematics as powerful and expanding included not only her own
beliefs about mathematics, but also related to how she envisioned teaching, learning, and
professional growth.
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Beliefs about Teaching and Learning
Natalie’s beliefs about teaching and learning were an extension of her beliefs
about mathematics itself. She not only saw mathematics as big and powerful, she viewed
the learning and teaching of mathematics as life changing. Natalie was concerned about
her students’ success outside of the environment of WHS:
I’m thinking about my students going out there and competing with other
students. I’m really concerned about that, because I want them to be able to
compete in the world that’s outside, despite if they are poor, or their race, or
whatever. (Interview 4, 2/28)
To address this concern, she had goals in her teaching to help her students “to be life
learners” (Interview 3, 12/6). For her, this meant:
when they go to another math class, I don’t want them to really have any
difficulty in that class. . . . I did my best to make sure that I closed a lot of gaps, so
when they can go to higher level math, they can start making even bigger
connections. And I also want them to be able to see the math around them in real
life. And I really tried to bring that in the classroom more than anything this year.
(Interview 3, 12/6)
In order to accomplish this goal with her students, she believed in using a variety
of teaching practices. She commented:
I think that everyone learns differently. I think it’s good to see different ways of
learning math, or different ways of teaching math. So, with my students, in my
classroom, I try to represent it in so many different ways, so I can get as many as I
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can to understand, or so we can work together to build a better understanding of
the topics. (Interview 3, 12/6)
She was aware of the knowledge gaps that her students brought to the classroom but did
not let that deter her from helping her students move forward. She explained during a
methods class one day that she had to:
Find different ways to make it work. Because it helps your lessons go so much
better if you can do something really quick and try to get them all on the same
page. . . . You find little creative ways to kind of get them caught up. (Methods
Class, 9/13)
She believed that her students were capable of learning the content but that it was her
responsibility to help them fill in their gaps without slowing down their progress. In
order to do this, Natalie implemented a variety of tools in her lessons. In one lesson,
students collaboratively generated a model for a situation involving exponential decay
and then tested the model, revising until they found the correct model (Observation 1,
10/3). In another lesson, students worked in pairs with histograms to make sense of the
meaning of standard deviation (Observation 4, 11/29). Natalie, following a suggestion
from me, built models of three-dimensional coordinate planes out of colored index cards
to help her students visualize the plane (Methods Class, 10/25).
Natalie also believed that she had a responsibility to motivate her students to learn
mathematics. She felt that in order for students to learn a new concept they needed to be
“open to learning it” (Interview 3, 12/6) and that “has to do with teacher motivation at
times too” (Interview 3, 12/6). She said that she feels like students often have preconceived notions of mathematical topics:
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They tell me, “I hate this, I’m not going to do well on this.” So they already set
themselves up to not like the lesson, and I’m really trying to change those views
that they have. So I had to pull a little bit on motivation. (Interview 3, 12/6)
Natalie was not only concerned about her students learning the concepts; she also wanted
students to change their perceptions about the topics themselves.
Natalie believed that students’ cognitive discomfort in her classroom was
effective for learning. She commented, “I think it’s very good, actually. I think it’s very
good for me to feel uncomfortable [too], because I think that we learn that way”
(Interview 3, 12/6). The cognitive discomfort, though, was balanced by a belief that she
should support all students in their learning. During a methods class discussion she
relayed the story of a student who struggled with many aspects of school including
attendance issues and large knowledge gaps. She told the story of the student attempting
to participate one day:
He said something that was completely off. . . . And he’s trying to participate but
he’s completely off and I still will say “Well good job but let’s talk about that
topic. I’m so happy you brought it up. So let’s talk about why is it that way. So
that’s good thinking.” . . . I made it to where he wouldn’t feel stupid or anything.
(Methods Class, 8/30)
She supported her students emotionally as she challenged them intellectually.
Natalie enjoyed the times in her classroom when students seemed to have
understandings about a topic finally connect. She would celebrate with them (supporting
them both emotionally and cognitively) but then would push them to make sure they
understood the mathematical concepts.

153
I like to hear a student say “ooh.” And then sometimes, I’m like, “why are they
saying, ooh? Are they just saying ooh because they really got it, or not?” And I
usually try to ask them a question or see what they say. Sometimes they’re like
“oh, this is why this, and this, and this happens,” or “I remember this last year,
and this is why this happened,” or, “this is why I can do this.” And then I know
that they’re getting all the connections. (Interview 3, 12/6)
Natalie believed that it was her role to continue pushing her students to higher levels of
achievement.
Natalie believed that she was sometimes in a battle with other faculty members
because of the high expectations that she had for her students. She explained:
I still have to struggle with the high expectations thing. When you’re meeting
with other teachers, they’re like, “they’re not going to get that.” And I’m like, go
back to the other mind set, yes they are going to get it, how are we going to get it
across to them? (Interview 4, 2/28)
She believed in holding her students to high expectations and finding ways to help them
be successful in spite of their learning barriers. During methods class, Natalie explained
how she believed in approaching this battle:
You just have to really be positive. . . . And you have to know you can do it. To
me when we are teaching our kids math we are empowering them. Because math
is the great equalizer they say. And so you just have to really think that – think to
yourself “Am I doing the best that I can for my students?” And if it’s yes, then
you’re doing great. (Methods Class, 8/23)
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Natalie worked diligently to empower her students and did not want other teachers to
lower their expectations. She commented,
The worst thing you can do is feel sorry for students or think that you have to
bring it down for them because I think that’s a form of racism personally. . . . We
can’t make out like they are victims. So we have to empower them. (Methods
Class, 9/6)
She believed in developing a classroom environment in which all students were expected
to learn mathematics in a way that the knowledge would translate to other courses and
areas of study.
Classroom Practice
Classroom Environment. Natalie’s classroom was arranged in different seating
patterns on different days. On a few days, desks were arranged in rows. However, most
days the students’ desks were either in groups of three or four or in two sections on each
side of the room facing each other. At the front of the room was an interactive white
board, on which she projected an electronic slide show that organized her lessons each
day.
Natalie had established practices in her classroom that encouraged her students to
participate in the daily activities and that were used to help close the gaps that she found
to be present in her students’ knowledge. First, she awarded Math Dollars every time her
students answered questions during class discussions. Whole class discussions were
filled with opportunities for students to respond Natalie’s questions, expand on a
classmate’s statement, or provide alternate solutions to problems (Observation 1, 10/3;
Observation 2, 10/10). Students asking questions and answering each other’s questions
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was a common occurrence, for which Math Dollars were awarded. The Math Dollars
accumulated through the semester. At the end of every month, Natalie held an auction
for edible treats such as candy bars and bags of chips. Students used their Math Dollars
in the auction. At the end of the semester, remaining Math Dollars could be exchanged
for bonus points to slightly improve a grade. In discussing Math Dollars with her
students, Natalie often told them they were rich just because of what learning
mathematics offered them. The practice of awarding Math Dollars resulted in almost
every student participating in the discussions that were held during every observed class.
Natalie also implemented a practice at the start of every class that had the purpose
of closing knowledge gaps. Every lesson began with a short drill in which eight to ten
problems were displayed on the electronic slide show for about 20 to 30 seconds each.
Music selected by students was played during the drill while students recorded their
answers. Questions were usually aimed at identifying some mathematical concept that
would be expanded on later in the lesson. For example, a lesson on characteristics of
polynomial functions began with a drill in which students were required to identify the
zeros of a function from a given graph or a polynomial function in factored form. At the
end of the drill, each problem was reviewed with students who provided solutions and
explanations receiving Math Dollars for their contributions.
Natalie often shared during the methods class different teaching practices that she
used in her classroom. For example, in order to initiate discussion of some course
readings, Natalie set up a Round Robin activity similar to those she used in her classes.
She explained an activity she set up during methods class one day:

156
I call these round robins. Sometimes I have problems up and sometimes I have
ideas and then they have to tell me how I got that idea. I use it with graphing
polynomials for example. How they discover end behavior by looking at the
graphs. . . . What I am going to have you do is have each of you start at a different
statement. You’re going to read the statement. You are going to write whether
you agree or disagree with the statement and why. Then we are going to rotate
this way and we’re going to know to rotate because I’m going to play a song or
music. The kids like it opposite. They want the music playing the whole time and
then when I stop it they will rotate. (Methods Class, 8/30).
Every time Natalie’s teaching was observed, her students were involved in different types
of activities. In one lesson, students worked in small groups to describe polynomial
functions and present their findings to the class (Observation 1, 10/3). In another lesson,
students were all referred to as Doctors as they worked to use exponential functions to
determine whether or not an ill patient could be given another medication (Observation 2,
10/10). In a later lesson, Natalie implemented guided practice with small groups as
students struggled to build a conceptual understanding of standard deviation (Observation
4, 11/29).
The learning environment that Natalie established in her classroom exemplified
many of the best practices that are found in literature on mathematics classroom
discourse. Almost all of her students freely shared ideas and participated in
conversations about mathematics. During one lesson, Natalie wrote an incorrect number
on the board. Students saw this and corrected her statement (Observation 1, 10/3). At
different points in whole class conversations, Natalie would begin an explanation and a
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student would interject and complete the explanation. For example, during the first
observation Natalie began to explain why the chosen equation students had developed
was correct. She began, “Green is right. . . . because” and then a student interrupted and
said “If you already lost it, why would you go back?” (Observation 1, 10/3). Both
students and teacher were contributing ideas to the mathematical conversations in the
classroom.
Natalie believed that discomfort was beneficial to learning. Reflecting on one
lesson, Natalie commented:
I felt like we were both uncomfortable, I know I was uncomfortable. I felt like we
grew together into a better understanding of standard deviation, even for me,
because I knew how to calculate it, and I knew the formal definition of it, but I
didn’t truly, truly understand what it really meant. And I think that led to many
different things. (Interview 3, 12/6)
Natalie shared in the learning in her classroom and believed that she was growing
together with her students. She allowed students to see that she was working to make
sense of mathematics with them:
I just really just took a deep breath and I said “hmm, how can I explain this
better?” I actually said those words. I let my students see that. And they’re okay
with it. They weren’t like “eeh,” They were like “okay”. . . . Because I think they
trust me enough now that they know that I’m going to try to do what’s best
(Interview 2, 10/25)
Natalie’s students exhibited support for each other in the same way that Natalie
supported them. One on occasion, students were presenting their analysis of polynomial
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functions to the class in groups. One student, who typically chose to work alone, was
struggling in his individual presentation to the class. A group of boys observed his
struggle and spontaneously chose to join the struggling student at the front of the room to
help him complete his explanation (Observation 2, 10/10). This instance exemplified the
type of unsolicited support that students offered each other in Natalie’s classroom.
Teaching Episodes. The two teaching episodes that were analyzed for Natalie
were a lesson during which students developed a function to model a situation involving
exponential decay and a lesson during which students explored the meaning of standard
deviation. Natalie taught classes on a 4 × 4 block schedule in which her students
completed an entire mathematics course in one semester with 90 minute classes each day.
The first lesson was observed in the first week of October and the second lesson was
observed at the end of November, during the last unit of study in the course.
The first observed lesson began with a short warm up in which students were
required to evaluate common logarithms and natural logarithms on calculators. Natalie
asked students to present solutions along with asking questions such as “What is the base
on the natural logarithm?” and “What is the base on the common logarithm?”
(Observation 1, 10/3). At the completion of this, Natalie started the drill for the day in
which students were required to identify graphs or equations as exponential growth or
exponential decay. At the conclusion of the drill, Natalie asked students to provide their
answers to the drill questions. After each answer was given, she asked a different student
to explain why the function was either exponential growth or exponential decay.
Natalie then explained the lesson for the day, telling students that they were all
going to be doctors that day after taking a crash course in function modeling. She
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displayed a list of names on the electronic slide show which paired the doctors (students)
in medical practices to work together. At the conclusion of the lesson, the doctors would
be given information about patients and have to decide whether or not a new medication
could be given to the patient without reacting with the current medications in the patient’s
system.
The analyzed episode began at the start of the crash course on function modeling.
Natalie displayed the learning objective for the day and asked a student to read it:
“Explore real phenomena related to exponential and logarithmic functions including halflife and doubling time” (Observation 1, 10/3). Natalie then asked students what they
already knew about the terms in the objective statement. Students offered their ideas
about half-life and doubling time.
Natalie then posed the following situation:
A specific multivitamin is eliminated from an adult male’s blood stream at a rate
of about 20% per hour. The vitamin reaches peak level in the blood stream of 300
milligrams. What’s the initial amount, and what’s the rate of decrease?
(Observation 1, 10/3).
Natalie separated the problem into smaller pieces and asked students to calculate the
amount of the vitamin left after one hour. She then circulated the room while students
worked, and then brought the whole class back together once they were finished. She
asked a pair for their solution and recorded it on the interactive whiteboard (300 –
.20(300) = 240). She then asked students to calculate how much was left after two hours.
Following the same pattern, Natalie asked for solutions and students provided two
different solutions. One group proposed that 300 - .40(300) = 180 was the solution and
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another group proposed that 240 – .20(240) = 192 was the solution. At this point, Natalie
facilitated a conversation about the two solutions, asking different students to support
their reasoning (Figure 18). The students eventually arrived at agreement on the correct
solution of 240 – .20(240) = 192.
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Natalie: Okay. Now, you guys know how that works, I want you guys to figure out
how much is in his system after two hours.
Student: I got it.
Natalie: Oh, you already had it? Okay, tell me how much is in his system after two
hours.
Student: Would it be 228?
Natalie: You said what?
Student: 228?
Natalie: 228, how’d you get it?
Student: Because, to get 240, you multiplied 300…
Student: You do the same thing, except for 40 percent.
Student: This time you subtract 240 by the number except for 300.
Natalie: Okay, so, tell me again?
Student: 300 times…
Natalie: 300.
Student: …point 2.
Student: 40%
Natalie: 40%.
Student: Yeah, point 40.
Natalie: Okay.
Student: And that equals…
Student: 120.
Natalie: 120. Okay, then what do you do?
Student: You minus the 120.
Student: That didn’t work.
Student: 300 minus 120.
Natalie: 300 minus 120.
Student: You get 180.
Student: You get 228?
Natalie: And you get 180.
Student: Is that the answer?
Natalie: Do you guys agree with that?
Students: Yes.
Student: It’s the only thing that will work. I can explain it.
Natalie: Okay, Steve, explain it.
Student: Alright, so after one hour, you’re down 20%, and if you decrease the hour
again it’s 40%, so it has to be 300 minus decimal four zero, which comes to
120. And the 120 represents the stuff that’s missing, so it subtracts . . .
Natalie: Okay, Eva . . .
Student: I subtracted 40 minus . . .
Natalie: Okay, um, Isaac, what do you say?
Student: Well I got 192
Student: I multiplied 240 times point 2, and it gave me 192
Natalie: Uh, 240 times .20, and that gives you . . . let’s do forty times . . .
Student: 192.
Natalie: 192. Okay, now, how much would be left in his system after this?
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Student: Um . . .
Student: 240 tines .20 is 48.
Natalie: Is that 192, 240 times .20?
Student: I got 48.
Natalie: Okay, you got 48 here?
Student: Yeah.
Natalie: And then you do…that’s what you get right?
Student: Yeah.
Natalie: And you get 192? Okay. Now which one of these is correct, because one of
them is correct.
52 Student: It’s the first one.
53 Student: The first one’s right, the second one’s incorrect.
54 Natalie: Okay, Steve, tell me why the second one is incorrect.
55 Student: Alright, it’s like 20 percent from the initial, it’s from 300, it’s not saying 20
percent from each number below that.
56 Natalie: Okay, so. Celine, what do you say?
57 Student: Also, my partner here, she said that since you find out for the first hour it’s
240, and you already lost 60 the first time, you just subtract that, and you
still get 180.
58 Natalie: Okay, I follow you.
59 Student: That’s right.
60 Natalie: Okay, so, you guys are telling me that with this first one, you’re saying at 2
hours it’s lost 40% of 300 milligrams, is that what you’re telling me?
61 Student: Say that again?
62 Student: It says every hour, it’s 20%.
63 Student: I think . . . wait . . . are we choosing which one’s right?
64 Natalie: Yeah.
65 Student: It’s the green one.
66 Natalie: Why do you choose the green one?
67 Student: Because, if you’ve already lost that percent, you’re not doing more percent
from that one.
68 Natalie: She got it.
Figure 18. Portion of transcript from Natalie's first teaching episode.
Following this conversation, Natalie asked students to find out how much of the
vitamin was left after three, four, and five hours. After successful completion of this,
Natalie asked students to find a function that could be used to model this situation in
order to make the work easier on them. Once students arrived at a function, Natalie
asked them to verify their work by evaluating the function at two hours, three hours, and
four hours. This concluded the analyzed episode from this lesson. In the remainder of
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the class, students carried out the same process for a situation involving half-life and then
worked in pairs to decide whether or not to administer a new medicine to patients based
on calculating the amount of other medications still in their system using half-life
functions.
The second lesson episode was drawn from a lesson on standard deviation and
normal distributions. This lesson took place on the Tuesday after Thanksgiving break
and was the second day of the last unit of the course. On the first day of the unit, students
had learned to build histograms for given data sets. Natalie started this day’s lesson with
a warm up and a drill. In the warm up students were asked to look at a histogram and
answer questions such as “What is the probability that x = 3?” And “What is the
probability that x is at most 2?” (Observation 4, 11/29). Natalie asked for volunteers to
provide their answers to the warm up, after which she asked other students to provide
reasoning. Natalie also asked questions such as “What does ‘at most’ mean?”
(Observation 4, 11/29) which focused students’ attention on the important phrases to
consider. In the drill that followed, students were asked to decide whether a given set of
data should be displayed on a bar graph or a histogram. As students presented their
solutions to the drill, Natalie questioned them about their reasoning and brought out
characteristics of histograms (e.g., they model continuous data). Following the warm up
and drill, Natalie gave students five minutes to complete a short quiz in which they had to
create a histogram for a data set.
After these opening activities, Natalie provided students with a guided notes sheet
on standard deviation. She asked students to remind her of what they had learned about
standard deviation during the previous year’s mathematics class. Students knew that
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standard deviation was a measure of spread for a set of data. Natalie then played a brief
video on the topic of standard deviation and led the students through calculating a
standard deviation both with and without a calculator. Following this, Natalie paired
students together randomly by having them draw cards with statistical terms on them and
having them find a partner who had a matching term on their card. She noted that
students would not always get to choose who they work with in the real world. Once
students were in pairs, they began the next portion of the lesson.
In the next task, student pairs were given a sheet of ten pairs of histograms
(Figure 19). For each pair of histograms, students had to decide which histogram would
have the higher standard deviation without performing any calculations. Natalie told her
students that she wanted them to really understand what standard deviation meant. The
analyzed episode from this lesson was the whole class discussion of this task that took
place after the pairs had worked for about 15 minutes on this task.

Figure 19. Standard Deviation problem from Natalie's lesson.
For the whole class discussion that ensued, Natalie first returned to the calculation
that students had performed prior to beginning this task. She asked students what they
had found the standard deviation of that data set to be and then asked what would happen
if the standard deviation were higher or lower than what they calculated. Students replied
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that the data would be spread farther away from the mean if the standard deviation were
higher and would be closer to the mean if the standard deviation were lower (Observation
4, 11/29).
Natalie then moved on to discuss the first graph. She asked the class which graph
they thought had a higher standard deviation. Students were answering both in most
cases. Natalie continued to rephrase questions such as “What does it mean if the standard
deviation is high?” and “If the standard deviation is low, it means that the data is close to
what?” Through most of the discussion students discussed reasoning for their decisions
but continued to seem confused. Natalie then gave solutions for the last few problems
and told students that they would revisit this activity the next day.
At that time, Natalie moved forward and presented the normal curve with
discussion of its properties. The discussion led to the topic of standardized scores (zscores) and an activity in which students calculated z-scores in order to compare
standardized scores. This concluded the lesson for the day.
The following day, Natalie began class with a discussion of standard deviation,
revisiting the problems from the previous day. During this whole class discussion,
student explanations were clearer and more students indicated an understanding of how
differences in standard deviations could be observed in histograms.
Analysis of Natalie’s classroom episodes begins to describe the discourse moves
that she employs. The co-occurrence table for Natalie’s teaching episodes (Table 15)
shows that she made use of every type of statement code in her first observed episode.
This was not the case with the second episode, indicating that her style of discourse was
different in the second lesson than it was in the first. In both episodes she employed the
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use of revoicing (26 occurrences in the first episode and 13 in the second). She offered
relatively few explanations in the first lesson. This can be seen in the transcript of a
portion of that episode (Figure 17). In the 68 turns (entire statement made by one person)
of the displayed portion of the transcript, Natalie only spoke for 28 of those turns (41%).
Within her 28 statements, she made statements revoicing student comments seven times
(e.g., turns 25, 40, 60). Natalie asked questions that required student reasoning (e.g.,
turns 7, 33, 66) and did not ever explain the mathematical thinking of her students during
this excerpt. She relied on her students to discuss the ideas with each other in order to
arrive at a point of understanding.
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Table 15
Co-occurrence Table for Natalie’s Coded Episodes
Code
Natalie Natalie
1
2
Acknowledgement / Praise

24

1

Check for Agreement /
Understanding

8

20

Other Teacher Statement

17

4

Request for Computation

2

0

18

0

12

0

17

4

6

15

Request for Rule Recall

5

1

Request to Read a
Statement

3

0

Teacher Explanation

8

11

Re-Statement / Revoicing

26

13

Request for Procedure
(Information Seeking)
Request for Procedure
(Response Seeking)
Request for Reasoning
(Information Seeking)
Request for Reasoning
(Response Seeking)

Reflection and Change
Throughout the study, Natalie struggled with changes to her practice and the
influence of her participation in the methods course on her own teaching practices.
During the second methods class, Natalie described herself as open to new practices. She
explained,
I believe that I’m a try educator, meaning I’ll try anything. If you tell me “if you
go stand on your head the kids will learn,” I’m going to stand on my head. I
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believe trying all of [the ideas] at least to see which ones were best for [my] kids.
And it might be different for each class. (Methods Class, 8/30)
She often took careful notes of different strategies that were presented during methods
class by David or Whitney or me and then tried those activities with her own students.
Problems that were presented sometimes became warm up activities for her students in
the next classes.
Natalie’s openness to change and new ideas was not without fear. She expressed
slight apprehension in an e-mail to Dr. Strickland when discussing the first methods class
session:
I really didn't mind you (Whitney) taking the lead. I needed to get a feel for the
class, especially since I have never taught the class before. I will definitely
participate more in future classes. At first, I really didn't want to say anything
"wrong" or anything that was not supported by research. However, you really
made me feel comfortable. I felt like my opinion mattered. (E-mail
correspondence between Dr. Strickland and Natalie, 8/26)
This apprehension became almost debilitating for Natalie around the time I asked her to
become a more involved participant in the study. I explored this during our first
interview and Natalie explained:
I used to feel like “I’m doing great, I’m a great teacher,” but now I don’t. I feel
like I’m the worst teacher in the world because . . . it’s research, and it’s making
me second guess myself. My teaching has decreased, or has really suffered lately
because of that. Because I’m really thinking, “why am I here?” Even though I
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knew that [a practice] worked, just because of the research, I don’t want to do
something wrong with my students. (Interview 1, 9/20)
Natalie was internalizing much of the research that we were discussing. However, her
positive outlook and belief that her students needed her was propelling her to continue
working back toward confidence in her teaching. She commented:
I just have to get over that feeling, that second guessing feeling, I have so much
work to do to prepare my students, and I have to get back on track. My mind is
gone, and I think they can tell, because I don’t have that confidence up there, that
I did have because all the research is saying this, so I’m destroying you guys.
That’s what I’m thinking in my head when they need me now, so I kind of have to
find a way to get over it. (Interview 1, 9/20)
As the semester continued, Natalie seemed to find comfort again in her teaching.
She continued to have moments in methods class in which she critically examined her
own practice. During one class, discussion was centered on analyzing the cognitive
demand of tasks and identifying how students understood a concept, whether it was
procedurally or conceptually. Dr. Strickland wrote about an event that took place:
Natalie had an ah-ha moment during class. She has a bulletin board that contains
stickers with students’ names who have scored well on tests. She looked up at
those stickers and wondered whether the students on the board really understood
the mathematics or whether they could just “do” the mathematics (the procedures,
in this case). (Dr. Strickland’s Journal, 9/20, emphasis in original)
Natalie closely examined her own practice throughout the rest of the study and continued
to be open to new ideas. Her desire to improve was evident:
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I think that this [methods] class has opened my eyes to different things that are
happening, or different research that has occurred, that says this works, or try this,
and this can help your students even more. And I’m open to that because I want to
be the best teacher I can be so I’m willing to do whatever it takes to be the best
teacher I can be. (Interview 3, 12/6)
Natalie regarded the literature from the methods course as pivotal in her practice.
She described the impact of the 5 Practices (Smith & Stein, 2011):
I try to use them a lot more than I used to. Well, I wasn’t aware of them before,
but I try to use them a lot more than I started with . . . I think I know in the class
we talked about change and how things should be, and I think we just have to do
it one step at a time, so we’re just trying to spread the word, you know?
(Interview 4, 2/28)
She believed in sharing what she was learning with her colleagues who were willing to
listen and explained her desire to
expose [the research] to teachers who are willing to listen right now. I’m going to
spread it as much as I can - being a team facilitator. And I’ve been spreading it,
saying look at this lesson. And they say “wow, I never thought of it that way.”
(Interview 3, 12/6)
During the second semester of the school year, Natalie invited me to join her and her
team of teachers during an in-service to discuss the 5 Practices. During a short session, I
presented the practices in the context of a unit that the team was planning. Using a
problem provided by Natalie, I facilitated an exploration of how the 5 Practices could be
implemented quickly to develop conceptual understanding of exponential functions.
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Natalie was diligent in trying to share what she was learning about the research-based
best practices with her colleagues.
Natalie’s habit of examining her practice did not seem to have an end. During our
final interview, Natalie commented that “my way of teaching, and the way I think about
teaching mathematics is currently changing” (Interview 4, 2/28). When I asked her to
discuss a question on the survey for which she responded differently on the post-survey
than on the pre-survey, she explained:
When I took the survey the other day, I was really struggling with myself back
and forth, and I don’t really know why. . . I was just really having a hard time
because I thought differently before . . . when I took the survey the first time . . . I
have some different views now, so I think that I battle with myself every day
about teaching and what’s best. What’s the best way to teach math. (Interview 4,
2/28)
Summarizing the Case
As a summary of Natalie’s case, I present a model of the themes that emerged in
her case (Figure 20). The analytical coding process for Natalie was completed in two
phases. First, 10 categories of codes were identified: Try Educator, Overcome Fear,
Students Can, Change Student Perceptions, Student Needs, Community of Discourse,
Research is Important, Thinking about Thinking/Practice, Outside Influences, and Math
is Powerful. Further analysis led to the collapsing of those ten categories into six
categories. Central to much of what Natalie discussed and presented in her classroom
was the idea that mathematics is powerful, and therefore it is central in her model as well
and remained in a category of its own. Surrounding that central belief, are influences that
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emanated from it. She believed that her students were capable but that she needed to
change their perceptions of mathematics in order for them to be successful. These
themes were combined in the category Knowledge of Students’ Abilities. She also
believed that her students had needs, both emotional and cognitive, that she addressed by
engaging them in a supportive community of learners. These themes were merged into
the category Knowledge of Students’ Needs. Natalie was willing to try new things if she
thought they would help her students learn, but recognized that she did so with fear and
trepidation. These codes were merged into the category Classroom Practice. Because
she was open to trying new practices, she saw value in what research had to offer. This
caused her to spend a great deal of time thinking about her students, her practices, and
their thinking, all of which is captured in the category Reflection and Change through
Research. Amidst all of this, Natalie worked within an educational system that, though it
could have great influence on her practice, did not deter her from trying to do what was
best for her students. These outside influences are captured in a category of their own
that is detached from the rest of her model. Examples of quotations that are
representative of each category are found in Table 16. The analytical codes in Natalie’s
model were drawn as ovals rather than boxes because the data indicated that her beliefs
were less rigidly held than Anthony’s. This difference will be discussed in the next
chapter. Although an entry point into the model was not indicated by the data, evidence
of the interactions between areas of the model was indicated and is shown in the model
with the arrows.
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Figure 20. Model of Natalie's Case.
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Table 16
Sample of Data Supporting Model of Natalie's Case
Category
(Number of
Quotations)
Mathematics is
Powerful
(N = 10)

Knowledge of
Students’
Abilities
(N = 19)

Knowledge of
Students’
Needs
(N =50)

Classroom
Practice
(N = 25)

Reflection and
Change
through
Research
(N = 29)

Outside
Influences
(N = 14)

Representative Sample of Data From Analytical Coding
“Math is a lion. . . .Because it’s the king of the jungle. I think math is supreme, I
think it’s powerful, and I think that it can make you an amazing thinker and it can
open the door for so many other areas and subjects.” (Interview 1, 9/20)
“I really think with the half-life, with them actually thinking through, and I really
was kind of surprised, like wow they can do this, you know. That was, to me,
beautiful.” (Interview 2, 10/25)
“I [decided] I’m not giving them any information so I had the computers back there
and they were in groups so I said ‘one person go research’ . . . I don’t need to teach
that to them again. . . . I had them find that themselves so they could remember it for
real . . . instead of giving it to them. That made a difference.” (Methods Class, 9/13)
“So [the students] already set themselves up to not like the lesson, and I’m really
trying to change those views that they have. So I had to pull a little bit on
motivation.” (Interview 3, 12/6)
“I know at times sometimes in different lessons I can create lazy thinkers. I call
them lazy thinkers because I’m giving too much. And when I see that I know to pull
back and make them more active.” (Methods Class, 8/30)
“I know in first block, for one of those questions, I think it was problem number
four, I put the wrong answer on the board. It wasn’t intentional . . . I switched the
answers around, it was wrong, and that lead to discussion.” (Interview 3, 12/6)
“My main goal was - without doing student interviews – to see exactly what they
knew about polynomials before I actually got into polynomials,
to see where I have to build, where I have to start. And that was a risk, because I
didn’t know what was going to come out.” (Interview 2, 10/25)
“The reading last week when it talked about having students really want to use math
in their future by giving them problems that are really more conceptual versus
procedural, and that influenced how they felt in their future math. That hit home for
me because . . . that’s what I want for my students. I don’t want all of them to be
mathematicians, but I want them to enjoy class, love class. . . . And I feel like I’m
not doing that.” (Interview 1, 9/20)
“I really didn't mind you taking the lead. I needed to get a feel for the class
especially since I have never taught the class before. I will definitely participate
more in future class. At first, I really didn't want to say anything "wrong" or
anything that was not supported by research” (Natalie’s E-mail to Dr. Strickland,
8/26)
“[5 Practices] impacts [my teaching] a lot. I try to use them a lot more than I used
to. Well, I wasn’t aware of them before, but . . . I try to use them a lot more than I
started with.” (Interview 4, 2/28)
“We had our district coordinator come by Thursday and we had to have certain
things posted. . . . And you know it’s just you have jump through hoops.” (Methods
Class, 9/6)
“I knew she was checking for activators. . . . So you know I kind of rushed through
the warm up really quickly. And then went on to the activator so that she could at
least see that I was doing it so she could leave and then I could go [on with my
lesson].” (Methods Class, 11/15)
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Summary
In this chapter I have presented the qualitative and quantitative findings from the
study. Through the participants’ words, I have described their teaching practices and
their beliefs. I have also presented the quantitative data from the MTPDBI which
measured participants’ beliefs about the nature of mathematics, teaching and learning
mathematics, and classroom discourse practices. In addition, I have summarized each
participant’s story with a model that depicts the themes which emerged as important for
each participant.
For David, whose ideas were shifting throughout the study, themes that emerged
were equity, making sense of mathematics, struggles with the education system, and
innate reflection practices. All of these themes surrounded the central image of
classroom practice as discourse, a concept which David developed as the year progressed.
In Anthony’s case, themes emerged around the images of teaching as coaching and
entertaining along with ideas centered on his perceptions of students. The major factor
that emerged as an impetus to change for Anthony was his interaction with David and the
experiences that David brought into the classroom. “Math is powerful” emerged as the
central theme for Natalie’s work in the classroom. Her knowledge about students’ needs
and abilities influenced her classroom practice, which she continually made efforts to
improve because she wanted to do the best for her students. These themes will be
discussed in the next chapter and related to answers to the study questions.

CHAPTER 5: DISCUSSION, CONCLUSIONS, AND FUTURE RESEARCH
In the previous chapter, I presented the findings from the data through the words
of my participants. Each participant’s story was summarized with the model of his or her
case that emerged during data analysis. In this chapter, I will discuss those findings and
the relationships between them along with connections to literature. This chapter is
organized around answers to the study question: How do the lenses of mathematics
teachers' beliefs and position of intellectual development explain participants' changes as
they interacted with a site-based mathematics methods course and internship?
I will first characterize the beliefs and position of intellectual development of the
participants according to my theoretical framework. Then, I will discuss answers to the
research question. I will conclude with a discussion of the limitations of this study and
implications for future research.
Characterizing Beliefs
Data collection procedures and instruments for this study were based upon a
framework for considering the participants’ beliefs about the nature, teaching, and
learning of mathematics. Considering beliefs as the filter through which knowledge and
experience are interpreted and made meaningful (Pajares, 1992) and therefore the
perspective through which decisions toward an action are made (Pajares; Philipp, 2007), I
propose that the participants’ beliefs were congruent with classroom practice and provide
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explanation of the ways in which they interacted with the site-based methods course and
internship.
David’s Beliefs
David began the study with views about mathematics that were absolutist.
However, his beliefs shifted so that, by the end of this study, he could best be described
as Platonist in his beliefs about the nature of mathematics. Platonists view mathematics
as a connected body of knowledge that is waiting to be discovered (Ernest, 1991). David
believed that mathematics already exists and is there to be discovered. He explained,
“It’s not like you can invent a theory and invent a proof to the theory. Numbers work in
the same way regardless of whether we know they do or not” (Interview 1, 8/31).
At the beginning of the study, David seemed to hold a less Platonist view with
discrete beliefs about branches within mathematics as opposed to a view in which all
mathematical topics are seen as one entity. When he described what he liked about
mathematics he separated mathematics topically. He commented, “I love how geometry
works, it's my favorite branch of mathematics, but I am more likely to solve a problem
algebraically because I find it easier” (Reading Reflection, 9/26). When Dr. Strickland
asked, “If you had to name five big topics you would want every math student to really
grasp - like is there any kind of like really important stuff that you would want them to
walk away with?” David replied, “I kind of think calculus - that includes everything” and
also explained that “I wish they could see more connections between algebra and
geometry” (Methods Class, 8/23). In comparison, Dr. Strickland answered this question
by explaining that the concept of rate of change was important to her and I responded
with the big idea of problem solving. These responses transcend specific branches of
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mathematics whereas David’s response did not. During the first interview, David
described mathematics as a platypus because a platypus has many distinct parts just like
mathematics does (Interview 1, 8/31).
Later in the study, in response to reading his story, David explained that he really
thought an ecosystem was a better description of mathematics because “we find more
about the animals that live in it over time” (Story Response, 4/10). This view still
separates mathematics into discrete elements. The animals (in this metaphor being the
branches of mathematics) are to be learned about individually. However, the idea of an
ecosystem implies that the elements within it are co-dependent. Therefore, the
connections and relationships between them are important. David also discussed wanting
to bring more real-world connections into his lessons, explaining “my dream would be to
find real-life examples on the first day [of a lesson]” (Interview 5, 2/28). This indicates
his shift to a more Platonist view in which the body of mathematical ideas is connected
within itself and to other areas of knowledge. This shift in beliefs was not only evident in
what David said, but was also observed in his Mathematics Teaching Pedagogical and
Discourse Beliefs Instrument (MTPDBI) responses. David’s pre-survey score was .79
logits and post-survey score was 1.10 logits. This shift to a higher number indicates
David’s shift to more learner-centered beliefs about teaching. In addition, the analysis of
the residuals for David’s surveys indicated that David’s beliefs were still not completely
consistent with the model. He had responses on both the pre- and post-assessments that
measured significantly different from the predicted model. I propose that David’s beliefs
were in transition, as he made sense of how his beliefs fit with his practice.
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Anthony’s Beliefs
Anthony’s beliefs about mathematics are best described as absolutist in nature.
Absolutists view mathematics as a set body of knowledge that does not change (Ernest,
1991). When Anthony described mathematics he explained that “I believe everything
was created the way it was and that us learning something didn’t change the fact that it
was there - it is already existing there” (Interview 1, 9/1). Unlike David and Natalie,
Anthony would not provide an animal metaphor for mathematics. He responded, “That’s
impossible. It can’t be an animal” (Interview 1, 9/1). Although he wanted his students to
see a big picture of mathematics and its usefulness (Interview 4, 1/20) he did not describe
mathematics in such a way.
Anthony’s teaching also reflected an absolutist perspective and could be primarily
described as instrumentalist (Ernest, 1991). Instrumentalists view mathematics as a set of
tools and procedures to be applied in a specific manner. Although he described wanting
to develop activities that helped students discover mathematical ideas, he also explained
that there were many cases where he simply had to lecture and tell students the
information they needed (Interview 5, 2/28). The idea of mathematics as a set of tools
relates to Anthony’s coaching analogy for teaching. He believed he needed to provide
his students with skills just as a coach does. Anthony explained, “a coach is designed to
give them a skill set so that they can go out and achieve their highest potential. . . . we are
giving them a skill that they can take and go beyond that” (Interview 2, 10/3).
On the MTPDBI pre-assessment, Anthony measured the lowest of all three
participants at .35 logits. Anthony’s score was higher than only two other Washington
High School mathematics department members. This score indicates a teacher-centered
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view of teaching and learning mathematics. However, Anthony’s post-test score was
1.10 logits indicating that Anthony did shift in his beliefs to a more learner-centered
view. Anthony answered nine questions differently on the post-test than he did on the
pre-test. In eight of these questions, his responses were more learner-centered on the
post-test than on the pre-test. For example, on question seven on the pre-test he
responded, “When I prepare lessons I believe it is most important to consider the
following: b) Opportunities for group activity to be used after I convey key information.”
On the post-test he responded with choice a: “When I prepare lessons I believe it is most
important to consider the following: a) Activities or investigations that will assist my
students in developing their own understanding about key mathematical ideas.” Not only
did the survey indicate a shift in Anthony’s beliefs about his own preparation for lessons,
he also answered differently on questions concerning classroom discourse. Anthony’s
responses to question 16 demonstrate this shift. On the pre-test, he responded, “I believe
that eliciting students’ mathematical thinking in classrooms should be accomplished by:
d) the teacher asking students to explain how they solved a problem.” On the post-test,
Anthony responded, “I believe that eliciting students’ mathematical thinking in
classrooms should be accomplished by: c) students questioning each other about their
reasoning with teacher facilitation.” This shift in beliefs was not observed in other data.
Natalie’s Beliefs
Natalie’s beliefs were more learner-centered than those of both David and
Anthony. She had an all-encompassing view that mathematics is the “king of the jungle .
. . supreme . . . powerful” (Interview 1, 9/20). She believed that by helping students to be
successful in mathematics she was helping them unlock many different avenues for their
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futures. She spoke about her practice of paying students with Math Dollars so that they
would “see the power of math . . . the more math you know the better you are in [the
future]” (Methods Class, 8/23). Natalie also believed that mathematics is “invented
because I think that there’s always new ways of doing things and new ways of adding
onto the science of it” (Interview 1, 9/20). Natalie holds the fallibilist problem-solving
view of mathematics that depicts mathematics as an evolving human creation (Ernest,
1991). Natalie hoped that her students might one day create a new mathematical method
or contribute to the body of mathematical knowledge in some other way (Interview 1,
9/20). Natalie’s problem-solving beliefs were evident in her MTPDBI scores also. On
both the pre- and post-assessment, Natalie scored 1.21 logits, indicating more learnercentered views than either David or Anthony. In addition, Natalie’s post assessment
residuals indicated that her beliefs became more consistent with the survey model by the
end of the study.
Characterizing Positions of Intellectual Development
Intellectual development schemes describe the ways in which people adjust how
they think about knowledge, or coming to know, as they progress through life. I propose
that teachers’ thinking about knowledge shapes their thinking about teaching and
learning. In this section, I will characterize the participants’ thinking about knowledge
based on my theoretical framework.
David’s Position of Intellectual Development
David was in the position of relativism according to Perry’s (1968/1999) scheme
for intellectual development. Hallmarks of early relativism include: the ability to detach
and objectively observe events; the ability to consider the merit of alternative arguments
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by evaluating evidence; the awareness of self as an active maker of meaning; and the
view that knowledge is relative and contextual and that dualistic, right or wrong,
situations are merely special cases of knowledge (Higgins & Powell, 2011; Perry). David
exhibited these characteristics in his discussions and reflections on his teaching. Though
he had originally described mathematics in a dualistic way by saying “I believe in
multiple approaches, but one right answer” (Interview 2, 10/11), David refined this
statement when responding to reading his story. He believes that “[being right or wrong]
is true for most procedural problems . . . however, many open-ended problems can have
more than one answer” (Response to story, 4/10). This indicates that he now views
examples of problems that are right and wrong as a special case within the greater body
of mathematical problems.
David was also aware of his role in making meaning. He set a goal for himself of
“making students think more and figuring out ways to do that” (Methods Class, 11/8).
David also talked about teaching mathematics as helping students to make sense of the
mathematical ideas (Interview 3, 11/9). At the same time, David was reflecting on his
own teaching and making sense for himself of how his own actions impacted the learning
of his students. During his first teaching unit in the fall, David critiqued his own practice
of lecturing from the front of the room. He explained, “I don’t mean to stand in front of
the board the whole time. Sometimes I do, like I’m a math god that knows
everything…and I don’t know, I don’t want to appear that way” (Methods Class, 11/1).
After this discussion, I suggested that David try standing in the back of the room while
discussing items projected on the board. He tried this in a lesson and reported back to me
that he really enjoyed the change that this practice brought about in his classroom (E-

183
mail, 11/2). David identified an issue in his teaching, considered a suggested practice to
change that issue, and put the suggestion into practice.
David evaluated the arguments of others through reflection. When struggling
with classroom engagement during his student teaching semester, David first rejected Dr.
Strickland’s suggestion to use the 5 Practices (Smith & Stein, 2011). Later, he wrote:
I decided to really think about what doing what you said would do. I realized you
were correct. One of the problems I noticed with the stations that day was a lack
of engagement from some groups. I remember having to talk to several groups
about them not working multiple times. Clearly, an understanding that their group
may have to present something later would probably correct this problem. There
was no accountability in the classroom that day. . . . The [5 Practices] book gave
suggestions but it also pointed out some issues with traditional teaching that I
have failed to fix. In other words, I guess it would have been okay for me to
disagree with the book if I had actually found ways to fix the problems on my
own. (Student Teaching Journal, 2/17)
David again identified an issue with his classroom practice and evaluated the researchbased practices that were suggested to him. He did not blindly implement practices,
instead he took the time to evaluate the evidence of their worth and chose the pieces of
practices that he concluded would benefit his teaching, all of which is evidence of his
position in relativism.
Anthony’s Position of Intellectual Development
Anthony’s reaction to the literature of the methods course indicates that Anthony
is in a position of multiplism with respect to Perry’s (1968/1999) positions of intellectual
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development. Those in a position of multiplism believe that all opinions are valid and
that experts should share their opinions without forcing one to accommodate that opinion
(Higgins & Powell, 2011; Perry). Even though he was asked by other team members to
participate in the reading and discussions included in the methods class, he did not.
When I directly asked Anthony why he did not read the literature as requested by the
other team members, Anthony told me that he could not fit the readings into the school
day and so he read very little (Interview 5, 2/28). Anthony did not mind that other
opinions of teaching practices were being presented in the form of literature or methods
class discussions; he did not see them as important enough to create space to learn about
them.
Anthony was open to the ideas of others. After one observation and interview
session, I mentioned the use of Algebra Tiles to Anthony and told him I would be happy
to show him their use at some time. He said, “You can show me right now if you want”
(Interview 2, 10/3). However, after the demonstration he stated that Algebra Tiles might
work in a support class at another time. Although he was open to others’ ideas, he did
not readily take those ideas and implement them.
Also indicative of his position in multiplism is the way in which he talked about
his performance as a teacher. Those in multiplism presume that they are evaluated by
authorities based on their skill of presentation (Perry, 1968/1999). For Anthony, his test
scores were brought up as evidence of his skill of presentation. When talking about the
changes the district was undergoing with curriculum, he explained, “It’s a lot of algebra,
it’s not like it used to be. But my thing is, my failure rates are the same as when I taught
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Algebra I” (Interview 1, 9/1). For Anthony, his test scores mattered and indicated that he
was an effective teacher.
Natalie’s Position of Intellectual Development
Natalie’s position in intellectual development according to Perry (1968/1999) is
that of commitment. Individuals in the position of commitment exhibit an ability to
objectively reflect upon and evaluate their own practice. Perry states that “[Commitment
in relativism] is an act in an examined, not in an unexamined life” (p. 151). Teachers in
commitment realize that choosing a teaching method is an ongoing and evolving activity
and consider many aspects of a problem before deciding on a course of action (Higgins &
Powell, 2011). In commitment, agency lies within the individual. Natalie was
continuously experimenting with her instruction to find ways to engage her students. She
explained,
I believe that I’m a try educator, meaning I’ll try anything . . . [If] you tell me if
you go stand on your head the kids will learn. . . . I’m going to stand on my head.
I believe in trying all [ideas] at least to see which ones were best for your kids.
And it might be different for each class which one works best. (Methods 8/30)
Natalie was reflective and aware that this model of teaching came with fear. She was
willing to try different teaching methods and then deal with the consequences of those
decisions after evaluating their impact. Natalie said,
I’m just trying all kinds of different things and seeing what works. It’s like I just
go in there, and I can’t be fearful, let’s try this, if I fall on my face, and we all fall
on our face, then we learn and we keep moving on. (Interview 4, 2/28)
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Perry explained that the position of commitment brings relief with knowing what one’s
purpose is but also brings tension with the desire to define oneself in that position
successfully. Natalie confidently chose new teaching strategies in an effort to be the best
teacher she could be.
Natalie sometimes discussed outside influences on her teaching. She recognized
that teachers are “very stressed now, for different things” (Interview 3, 12/6) and that her
beliefs were not shared among the entire department (Methods Class, 10/11). Natalie
even commented on the influence of all the standardized testing that takes place. She
commented that she liked benchmark testing because of the information it provided her
about her students (Interview 1, 9/20). However, Natalie, being in a position of
commitment, did not dwell on these influences.
Evidence has been provided that led to the classification of each
participant’s beliefs about mathematics and position of intellectual development (Table
17). In the next sections I will answer the research question by discussing how these
findings relate to the participants’ classroom discourse practices and interactions with the
methods course and internship.
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Table 17
Summary of Participants' Beliefs and Intellectual Development
Position of
Beliefs about
Survey Scores
Participant
Intellectual
Mathematics
(in logits)
Development
David
Pre: .70
Platonist
Relativism
(Intern)
Post: 1.10
Anthony
(Collaborating
Teacher)

Instrumentalist

Pre: .35
Post: 1.10

Multiplism

ProblemSolving

Pre: 1.21
Post: 1.21

Commitment

Natalie
(Methods
Co-Instructor)

How Beliefs and Intellectual Development Explain Classroom Practice
In order to answer the research question for this study, I investigated the
participants’ beliefs and position of intellectual development along with gathering data to
provide a picture of their classroom practice. Because I view teachers’ beliefs as sensible
and coherent with practice (Leatham, 2006; Philipp, 2007), I found the beliefs of my
participants and their position of intellectual development to be evident in their practice.
David’s Classroom Practice
In David’s case, because he was the intern learning to teach, discussion of his
classroom practice includes his early thoughts about classroom practice as discussed in
methods class and interviews and then his later experiences as he was actually teaching. I
will begin by describing the level of discourse in David’s observed lessons as
characterized by the theoretical framework for classroom discourse provided in Chapter 2
(see Table 3 in Chapter 2). The discourse in David’s lesson was primarily at Level C
with evidence that it was progressing to Level B. At Level C in the framework, the
teacher is the director of classroom discussions, with input being solicited from students
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by the teacher. A student helping their classmates is primarily done by showing their
own solution to a problem. Level B discourse shows evidence of students asking each
other questions and seeking to understand each other’s ideas along with students
providing more thorough support of reasoning when asked for explanations. In addition,
the teacher at Level B consistently makes use of some discourse moves such as revoicing
and redirecting. In David’s classroom observations, students were willing to answer
David’s questions but generally did not contribute their own questions to the class. At
the beginning of his teaching, student responses were short and only given when
prompted. His questioning, however, showed that he asked a variety of questions in his
first observation (see Table 9 in Chapter 4). Because he was in a position of relativism
and was willing to evaluate and implement suggestions of others, David started to make
changes that encouraged more students to share their thinking, even when it was different
from that of others. He used the 5 Practices (Smith & Stein, 2011) to bring out
differences and asked students to compare processes. Although David was moving
toward Level B discourse in his classroom, students were still not at the point of
consistently seeking to understand each other’s ideas or supporting each other by helping
classmates clarify their ideas.
David’s early belief that mathematics was made up of separate entities carried
over into the ways in which he also discussed classroom practice for much of the year.
For example, David spent time reflecting on and discussing equity, classroom discourse
and assessment. However, his early discussions did not often overlap or explore the
impact that one topic had on the others.
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As David grew throughout the year, he began to make more connections between
concepts, just as he shifted to the connected view of mathematics that is characteristic of
Platonists. During an interview, David explained his quandary over calling on students
who did not volunteer. He explained,
It’s not fair for them to never have a chance [to participate], and for them to just
sit there because I don’t think they’re learning as much if they’re just sitting there
listening. And I can’t monitor their understanding, if I don’t call on them.
(Interview 3, 11/9)
In this discussion, he was beginning to connect the ideas of classroom discourse and
equity. Later in the year, after a lesson in which David implemented the 5 Practices
(Smith & Stein, 2011) at the urging of Dr. Strickland, he found even more connections
between discourse and equity. He wrote,
Almost every student was engaged, students were communicating
mathematically, and all students had attempted the assignment. There was an
incredible amount of accountability that day that had nothing to do with grades. I
think the students saw that I was monitoring and writing down what they saw. I
realized that the 5 Practices made great improvements to my classroom. Even if I
had done a bad job with them, at least trying them had a great impact on the
mathematical learning of the class. (Student Teaching Journal, 3/2)
David found that enacting appropriate discourse practices impacted the learning of all of
his students, thus promoting equity for the learning of all students. Not only did his ideas
about equity influence his ideas about classroom discourse, the reverse was also apparent.
As he explored different classroom discourse practices, he realized that some
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opportunities should not be reserved for select groups within his classes. He described a
lesson in which differentiation was accomplished by introducing different representations
for the students to discuss. In his reflection he noted that all students would have
benefitted from discussion of both representations (Student Teaching Journal, 2/3).
The connection between David’s belief that mathematics is discovered and his
teaching practice was evident in the way that he designed lessons for his students. David
consistently worked to create activities which would help his students to discover various
mathematical concepts. When he planned his initial teaching unit in the fall he began by
asking students to graph various functions and see how they related. This activity
eventually led students to discover the idea that simplifying rational expressions was just
a practice in rewriting the expressions into different forms that had the same value
(Observation 1, 10/24). Later in the year, David designed an activity in which students
graphed quadratic functions written either in vertex form or standard form and compared
the vertex coordinates to the equations to discover the relationships between variables in
the equation and the coordinates of the vertex of the graphed function (Observation 5,
2/22; Appendix D). Other examples of activities such as these, designed to lead students
to discover ideas, relate to David’s belief that mathematics is learned by discovering the
ideas that are already in existence.
Anthony’s Classroom Practice
Anthony’s level of classroom discourse was at Level C in the discourse
framework. He was not in the practice of only asking for solutions to problems, which
would have been indicative of Level D. Anthony asked students to explain their
reasoning and they did so with probing from him, placing him at Level C on the
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framework. He also established himself as the provider of feedback for student solutions
and the explainer of solutions. Anthony provided explanations to his students more than
either of the other two participants (see Table 5 in Chapter 3). Anthony indicated
whether or not answers were correct and sometimes suggested the idea that more than
one method for a solution was appropriate. His position in multiplism enabled him to
consider different solution methods from his students. However, he instructed them to
use specific procedures in order to maintain accuracy in their work. Anthony used group
work sessions as a method of reviewing learned content. During these times there was
evidence of student-to-student talk in which the students explained their own reasoning to
each other rather than probing each other’s thinking. Much of their group discussion
time was spent with one student showing how he or she solved a problem.
Anthony held the instrumentalist belief that mathematics is a set of tools to be
applied in appropriate situations. This belief was evident in the way in which he
provided instructions for mathematical procedures. In one lesson, Anthony demonstrated
a color-coding method to help students accurately combine like terms when adding two
polynomials and then later introduced the idea of a mailman metaphor to help students
remember how to apply the distributive property (Observation 3, 9/28). In a later lesson,
Anthony emphasized the need to subtract a smaller value from both sides of an equation
when solving so that negative numbers would not be introduced (Observation 4, 1/17).
This again connects to his position in multiplism. During this lesson he told students that
it was possible to make a different choice of what to subtract from both sides of the
equation but that they should always subtract the smaller value. Although each of these
memory devices and procedures is valid and each was explained with conceptual
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reasoning when first introduced, Anthony used these methods to help his student achieve
the skill of procedural fluency through practice as a coach would do. The regular
occurrence of practices like this in his lessons emphasized the rules and procedures of
mathematical processes without a focus on conceptual understanding or discovery of
those ideas, depicting his beliefs about mathematics.
In addition to the belief that teaching involved providing students the tools and
skills they needed (as a coach would do), Anthony also believed that teaching required
entertaining his students. When investigating this more fully, Anthony connected the
entertainment aspect of teaching to engagement of students. When I asked him to define
engaging, Anthony described students having the opportunity to work with a partner on a
problem (Interview 1, 9/1). He also used group work as a way to alter lessons when he
felt students were bored. Anthony explained, “If I feel like the kids are just out of it or
bored to death, I’m looking for how can I change the attitude, or change what’s
happening here” (Interview 2, 10/3). He then discussed the changes that he made to the
lesson as “put[ting] more group time in there, to make it more engaging” (Interview 2,
10/3). For Anthony, the way to engage students was to provide more time to talk to each
other during class work sessions. Anthony was not specific about the type of talk that he
wanted students to engage in; he simply wanted them to talk to each other.
Anthony believed that his students were capable of learning mathematics through
group exploration. However, he had reservations about this method too. He commented,
“They’re definitely capable. Some of them are scared too, some of them won’t. They
shut down, they don’t want to do it, they want the easy way” (Interview 3, 12/12). Often,
the behavior issues that enter into teaching with groups caused Anthony to alter his plans.
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He explained, “when you give them that time…there’s going to be somebody that’s not
on task with our type of student that we’re working with” (Interview 5, 2/28). Although
he believed his students were capable, Anthony explained that he did not provide enough
opportunity for discovery in his lessons because “it probably comes from me not trusting
that they’ll get there and do it” (Interview 5, 2/28). Instead, he resorted to lecture:
And it’s usually the hard [concepts], that ones that the kids don’t get, and that’s
probably the time that I shouldn’t [lecture] the most. But I think it’s a time issue,
they have to learn this within three days. . . . And the only way they are going to
get this within three days is if I [lecture] to them all day long. (Interview 1, 9/1)
Anthony believed that mathematics existed instead of being invented and that to learn
mathematics one must learn to use the tools of mathematics accurately. He was not
observed building time for group invention of new ideas into his lessons.
Natalie’s Classroom Practice
Both Natalie’s beliefs and her position of intellectual development were reflected
in the classroom community that she created. Natalie’s lessons were built around
encouraging students to actively participate in the learning process and contribute
mathematical ideas to the discussions. This process was predicated on her belief that her
students could have this type of mathematical discussion and that she should try various
methods to build personal and mathematical connections with her students. Elements of
her instruction embodied these beliefs. First, she started every class with a drill set to
music that students chose (sometimes with lyrics removed) that enabled her students to
gain access to the topic for the lesson. Then, she encouraged participation and input from
all students through her use of Math Dollars. She also talked about her classroom as a
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place where she and her students would “grow together into a better understanding”
(Interview 3, 12/6). Natalie’s belief that mathematics was invented and still growing was
evidenced in a lesson in which she facilitated a discussion that allowed students to derive
and confirm an exponential model for a situation (Observation 1, 10/3; see Figure 18 in
Chapter 4). In another lesson, she allowed students to struggle with the idea of standard
deviation and did not relent and simply tell them the answers. She left that day’s lesson
unfinished and brought it back the next day with a slightly different approach
(Observation 4, 11/29; Observation 5, 11/30). Natalie’s classroom was one in which
students were expected to discuss mathematical ideas and support their reasoning.
The discourse in Natalie’s classroom was at Level A in the classroom discourse
framework. Students were found questioning each other independently of the teacher’s
directions (see Figure 18 in Chapter 4) and presented their thinking with explanation and
support. Discourse such as this takes development; it does not come about in lessons
without prolonged work with students to develop this community of discourse (Nathan &
Knuth, 2003; Sfard, 2001). During one lesson, a student completed Natalie’s explanation
(Observation 1, 10/3). Other lessons included instances of students supporting their
reasoning without prompting from Natalie, and introducing ideas of how to model a
situation without encouragement. During a lesson that included group presentations, one
group joined an individual presenter (who was not in their group) and encouraged him in
explaining his ideas (Observation 2, 10/10). The students in Natalie’s classes typically
took responsibility for their own learning and encouraged others in their learning.
Accompanying Natalie’s image of mathematics was a belief that her students
were capable of success no matter what their setbacks and disadvantages were. Her
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position in commitment enabled her to confront opinions that students were going to
struggle with mathematical concepts and respond with “yes, they are going to get it, how
are we going to get it across to them?” (Interview 4, 2/28). Natalie spoke about finding
ways to reach students and cautioned against disciplinary measures that would prevent a
teacher from being able to connect with students (Methods Class 8/23, 9/13). She
worked to ensure that her students were exposed to her encompassing image of
mathematics in an effort to help them all reach the point of understanding. She
explained,
I think that everyone learns differently. But I think it’s good to see different ways
of learning math, or different ways of teaching math. So, with my students, in my
classroom, I try to represent it in so many different ways, so I can get as many as I
can to understand, or so we can work together to build a better understanding of
the topics. (Interview 3, 12/6)
Natalie’s complementary views that mathematics is powerful and that her students
undoubtedly could be successful coupled with her position in commitment in relativism
were driving forces in her instruction.
How Beliefs and Intellectual Development Explained Interactions with the PDS
All of the interactions and changes in this study took place within the context of a
site-based secondary mathematics methods course and the internships related to the
course that was part of a professional development school (PDS) model. Each participant
was found to have different ways of interacting with the PDS. I propose that these
differences were related to the beliefs and intellectual development of the participants and
explain those interactions in this section.
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David’s Interactions
David’s pre- and post- surveys indicated a change in beliefs (from .79 logits to
1.10 logits). When I questioned David about why he changed some of his survey
responses, he explained, “I didn’t want to put an answer that I didn’t really feel like I was
practicing” (Interview 5, 2/28). The change that David was experiencing was indicative
of making sense of his beliefs in the context of everyday classroom practice put into
action, which is reminiscent of connectionists in the work of Cooney, Shealy, and Arvold
(1998). On the pre-assessment MTPDBI, David’s infit and outfit measures were 1.20 and
1.27, respectively. These values, on the high end of acceptable (Wu & Adams, 2007),
indicate that David had more variation from the model in his responses than ideal for the
model. On the post-test, David’s infit and outfit scores were .92 and 1.11, respectively.
The lower infit and outfit scores on the post-test indicate that, not only did his beliefs
shift to become more learner-centered, his responses showed less variation from the
predicted model. David shifted his beliefs and those beliefs became more consistent to
the survey model.
David’s position of relativism made possible his shifts in beliefs and teaching
practices throughout the study. Cooney and Shealy (1997) argued that crossing over into
relativism is essential for change toward a more reform-oriented practice of teaching as
depicted by NCTM standards. Without the position of relativism, David may not have
been able to objectively evaluate his own practice and move forward to implement
suggested practices. I propose that his position in relativism also enabled the slight shift
in beliefs toward a more Platonist view of mathematics. He was able to see other points
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of view (such as a broader connection between mathematical ideas) and adapted his
beliefs and practice to accommodate those alternate viewpoints.
David’s position in relativism also enabled him to reflect on the literature
presented in the methods course and evaluate his options for pedagogical choices in his
lessons. He wrote prolific reflections on the literature that he read and frequently came to
class with questions about the literature (Methods Class 8/30, 9/6, 9/13, 9/20). However,
it took strong urging by Dr. Strickland to propel David to more closely consider some
discourse moves (Student Teaching Journal, 2/17). In this study, David’s practice was
impacted by his interactions with Dr. Strickland, his discussions with Natalie and
Anthony, and the literature he was required to read.
Anthony’s Interactions
Though Anthony did not exhibit great changes in his practice, the change in his
belief survey scores on the MTPDBI is statistically significant: from .35 logits to 1.10
logits. His beliefs shifted to more learner-centered beliefs. One influence Anthony
seemed to allow into his practice was his interaction with David. In Belenky et al.’s
(1986) scheme (based on Perry’s work), Anthony would be classified as a subjective
knower. He considers knowledge to be personal and subjective and implements changes
based on his own experiences. For Anthony, the experience of watching David
implement different practices with Anthony’s students is an impetus for change.
Anthony did not read much of the literature his team members in the PDS
encouraged him to read. However, he commented, “The things that if David came and
said, ‘this is really good…I like this specific thing.’ Those are the things I read”
(Interview 5, 2/28). Throughout the study, Anthony commented on the effectiveness of
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some of David’s teaching practices and tried mimicking those practices. On one
occasion, Anthony used a particular problem that David created for his own classes
(Interview 4, 1/20). At another time, Anthony commented that David’s lesson was more
learner-centered than his own (Observation Conference, 10/24). On yet another occasion,
Anthony discussed using the differentiated tasks that David created (Interview 3, 12/12).
Anthony even commented that observing David teach and having to comment on David’s
teaching was causing him to reflect on his own practice. Anthony did not respond to the
expert voice in the literature and in the methods course, but he did respond to the
experience of watching David teach his own students in a different way. Although
evidence of change in practice has not been observed, further research with Anthony may
indicate more dramatic changes for him after David leaves his classroom and he resumes
full time teaching again, allowing him opportunity to enact practices that match his shift
in beliefs.
Natalie’s Interactions
Natalie’s beliefs did not demonstrate any change (her pre-test and post-test scores
on the MTPDBI were equal) and her classroom practice did not change dramatically.
However, she experienced inner turmoil after exposure to the methods class literature.
Natalie’s practice at the start of the study already demonstrated the reform-oriented types
of strategies supported in mathematics education literature and in NCTM documents.
Therefore, it is not surprising that her instruction remained unchanged after her
interactions with the course readings and other PDS activities. Evidence showed that the
way she thought about her teaching did shift. She explained in her first interview “it’s
research, and it’s making me second guess myself” (Interview 1, 9/20). After reading the
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Davis (1997) article on listening, she commented, “I think I was [using the listening
practices], but I wasn’t doing it effectively, and I wasn’t doing it purposefully” (Interview
3, 12/6). She explained that prior to this experience teaching in the methods course, she
“wasn’t thinking about how [the students] were thinking” (Interview 4, 2/28). Natalie
also felt alone in her willingness to change (Interview 3, 12/6), sometimes commenting
that other teachers were not willing to try new practices. However, her position of
commitment and belief that math is powerful enabled her to overcome the fears she felt.
Natalie’s beliefs and position in commitment allowed her to be open to new ideas
presented in literature. She commented,
[The methods] class has opened my eyes to different things that are happening, or
different research that has occurred, that says this works, or try this, and this can
help your students even more. And I’m open to that because I want to be the best
teacher I can be. And so I’m willing to do whatever it takes to be the best teacher
I can be. (Interview 3, 12/6)
Natalie objectively evaluated the research and implemented ideas from discussions about
that research in her own classroom. Frequently throughout the methods course, Natalie
took problems or practices that we discussed and used them with her students (e.g.,
Methods Classes 9/20, 10/18, 11/15). She used a logarithmic problem we discussed as a
warm-up activity for her students and she sought out ways to implement the 5 Practices
(Smith & Stein 2011).
Because of her position in commitment and her learner-centered beliefs, Natalie
interacted with the PDS activities in ways that enabled her to begin critiquing her practice
based on research. She openly discussed her practice with Dr. Strickland during methods
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classes and reached out to those knowledgeable about the literature in order to help her
more effectively lead the data team for the course she taught. For Natalie, the literature
introduced by the PDS was influential.
Cross-Case Summary
All three participants had different roles in this study. David was an intern
learning to teach through a methods course and field experiences. Anthony, the
collaborating teacher, hosted David in his classroom and therefore supervised David’s
field experience. Natalie, a high school classroom teacher, served as the co-teacher for
David’s methods course. Each participant entered the Urban Education program with
varying beliefs and in different positions of intellectual development (Table 18). The
unifying theme across all three participants is that each changed in some way while
participating in the professional development school program.
Table 18
Summary of Findings
Participant

Beliefs about
Mathematics

Position of
Intellectual
Development

David
(Intern)

Platonist

Relativism

Anthony
(Collaborating
Teacher)

Instrumentalist

Multiplism

Level C

Pre: .35
Post: 1.10

ProblemSolving

Commitment

Level A

Pre: 1.21
Post: 1.21

Natalie
(Methods
Co-Instructor)

Classroom
Discourse
Practices
Level C
transitioning to
Level B

Survey Scores
(in logits)
Pre: .70
Post: 1.10

One goal of this methods course was for interns to shape their classroom practice
to be aligned with reform-oriented teaching practices. For interns, this can entail a shift
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in the way they think about teaching and sometimes a shift in beliefs. Although not all
pre-service teachers experience changes in beliefs, it was not surprising that David did
experience shifts. David was impacted by the literature and interactions with instructors.
The position of relativism that he was in enabled him to shift his beliefs to be become
more aligned with reform-oriented views of mathematics teaching and empowered him to
begin implementing teaching practices that embodied reform-oriented methods.
Because no observed changes were noted in Anthony’s interviews or teaching
observations, Anthony did not outwardly appear to be impacted by participation in the
professional development school programs. He did not regularly participate in the
methods class and did not read the literature as requested. Anthony’s position of
multiplism was significant; this position allowed him to continue teaching as he had even
though research was offered to him that for others might have been cause to re-evaluate a
practice such as his. Even though there was no observed change in Anthony’s practice,
his survey results did indicate a change in his beliefs. For Anthony in this study, his
interactions with David influenced this change.
Natalie, the most reform-oriented of the group and the one at a position of
commitment, did not exhibit change on the survey or in her practice. However, her
practice was already reform-oriented. Instead, her change was internal and carried out
through constant reflection and inner debates. She freely discussed the questioning that
she was subjecting herself to as a result of being introduced to reform-oriented literature
through the methods course and worked to fine-tune her already skillful teaching
practice.

202
An interesting comparison between participants arose when considering the idea
of comfort in the classroom. For David, comfort was a recurring theme, so much that it
emerged as a region in his Pre-Teaching Model (see Figure 12 in Chapter 4) and was
evident throughout his discussions about classroom discourse in his later data. David
wanted to be comfortable while teaching his classes and attributed teacher comfort to
knowledge of the mathematical material. David also wanted his students to be
comfortable; he called only on volunteers to present solutions so that no student was
placed in an uncomfortable situation. David’s position of relativism likely contributed to
this concern, because he was open to the possibility that his students did not perceive
mathematics in the same way that he did (a relativistic acknowledgement that other valid
perspectives exist). When Anthony was asked if it was acceptable for him to be
uncomfortable in his classroom, he replied, “I guess it’s okay. . . I think I’ve passed that.
As an early teacher I think I got uncomfortable sometimes” (Interview 2, 10/3). Anthony
did not discuss the comfort of his students in the way that David did. He did state that it
was acceptable for students to be uncomfortable as they learned new material (Interview
3, 12/12) but did not indicate in other data that student or teacher comfort was a concern
for him. This may be explained in part by Anthony’s position of multiplism, in which he
recognizes that other perspectives are present but those other perspectives do not
necessarily have an impact on him. Natalie believed that discomfort for both students
and teacher was acceptable in a classroom. She viewed herself as a learner along with
her students and viewed discomfort as a place of learning (Interview 2, 10/25). Natalie’s
position in commitment may explain this acceptance of discomfort: those in commitment
constantly evaluate evidence and learn and change based on those evaluations. Natalie
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was so uncomfortable with her discomfort at the beginning of the study that she struggled
with evaluations of her own practice. However, her position in commitment allowed her
to use that discomfort with the literature to more critically examine her own practice.
Each participant, in a different position of intellectual development, confronted comfort
differently in their classrooms.
Connections to the Mathematics Teaching Cycle
The discussion presented in the previous section describes three different teaching
practices of the three participants. For further comparison of these three practices, I now
turn to the relationships to Simon’s (1997) Mathematics Teaching Cycle. Simon
proposed the Mathematics Teaching Cycle (see Figures 2 and 3 in Chapter 2) as a
“conceptual framework that describes the relationships among teacher’s knowledge,
goals for students, anticipation of student learning, planning, and interaction with
students” (p. 76). He proposed that the Mathematics Teaching Cycle centers on the
relationship between student thinking and the teacher’s pedagogical goals. It also
highlights the idea that the teacher’s learning is an essential aspect of teaching. The cycle
depicts the idea that interactions with students provide the teacher knowledge about
student thinking that is needed, along with other mathematical knowledge the teacher has,
to design lessons which will propel students’ mathematical thinking. The hypothetical
learning trajectory includes the teacher setting an appropriate goal, designing
instructional plans to accomplish that goal, and evaluating the effectiveness of the plan.
Simon indicates that a teacher’s beliefs and conceptions of mathematics and student
learning also interact with the teacher’s knowledge and are related to the chosen
hypothetical learning trajectory. This model is proposed as a model for reform-oriented
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teaching because it is built on the reform-oriented premise that teaching is based on
student thinking. Simon also proposed that a Mathematics Teaching Cycle is personal
and evolving for each teacher.
Considering each case in light of this model provides another layer of findings
(and implications) for this study. In the case of Natalie, knowledge of student needs and
knowledge of student learning combine to influence her instructional practice (or her
hypothetical learning trajectory). Her classroom practice then serves as her point of
reflection with current literature now strongly informing this reflection. This reflection
then feeds back into the beginning of the cycle again as she builds her knowledge of
student needs and learning. As in Simon’s model, Natalie’s teaching cycle is a closed
loop in which all elements work together equally: knowledge informing hypothetical
learning trajectories which creates interactions with students, which then informs her
knowledge and begins the cycle again. Of the three participants, Natalie’s practice is
closest to the reform-oriented type of practice through which Simon built the
Mathematics Teaching Cycle.
For Anthony, instruction is not completely based on student thinking. Though he
is knowledgeable about student learning and thinking, there was no evidence that
Anthony altered his teaching practice based on his students’ mathematical thinking. He
said, “I justify my teaching more with what I think they know” (Interview 3, 12/12). He
adjusts his practices from year to year in minor ways such as changing a question on an
electronic slideshow or rewording an explanation, but primarily keeps to the same
patterns in teaching. Later in that interview he commented, “I’ve done it for seven years,
my kids get good scores, so why change?” (Interview 3, 12/12). However, following this
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statement he continued on to say “And David comes in saying, so why [do you do that]?”
(Interview 3, 12/12). David questioned Anthony’s practice and caused Anthony to think
critically about some of his teaching practices and implement small changes. He
specifically commented that David’s use of “think-pair-share” techniques, in which he
elicits students conversation by having the students think alone first, then work as a pair,
and then share with the class, would be useful in his own teaching. Rather than
interactions with students feeding back into the hypothetical learning trajectory,
interactions with David are serving this purpose. Anthony’s Mathematics Teaching
Cycle is not functioning in the way that Simon (1997) depicted and Natalie demonstrated
because evidence for Anthony did not demonstrate that he relies on his interactions with
students to inform his knowledge and planning of hypothetical learning trajectories.
David is still developing connections between student thinking and his practice.
As a learner of teaching, David’s teaching cycle is changing more than the other two
participants’ cycles. A complete Mathematics Teaching Cycle in which student thinking
interacts with David’s beliefs about mathematics and the teaching and learning of
mathematics is beginning to emerge. David has already built connections between some
of his beliefs and the actual implementation of practice as he has grappled with issues of
equity and classroom discourse. He was using monitoring and sequencing to build
mathematical ideas based on student thinking during whole-class discourse. However, at
the end of this study David was largely focused on his interactions with his students
through discourse. Much of his later reflection concerned the discourse tools he was
attempting to implement in order to encourage all students to share mathematical ideas.
He did not indicate that he was reflecting on the actual mathematics that students were
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learning and the paths by which they come to know mathematics, which are also
influential features in Simon’s (1997) Mathematics Teaching Cycle. I propose that
David’s teaching cycle is not as balanced yet as the one that Simon depicted since
interaction with students is playing a greater role than other elements in the cycle.
Conclusions
In this study, I have presented a fine-grained picture of how three participants
interacted with a methods course which was taught as part of a professional development
school program, paying close attention to each participant’s beliefs, intellectual
development, and classroom discourse practices. Although not necessarily generalizable
to other settings, these findings do provide insight into the complex issues that arise
within professional development school efforts and other teacher preparation and
development programs. Universities and school systems are working together to bring
about improvements in education. However, this work is often carried out with
incomplete information about the participants.
I found varying impacts on participants. Natalie, an innovative teacher, struggled
immensely with exposure to literature. At one point, she expressed a personal lack of
motivation in her work because she felt ineffective in comparison to the examples in the
literature. She even briefly questioned whether or not she wanted to continue teaching.
Anthony, on the other hand, did not express concerns about his practice and even seemed
unwilling to engage with reform-oriented literature. Both of these participants could
have had adverse reactions to the professional development school program, such as
leaving the teaching profession entirely or becoming more ingrained in non-reformoriented practices.
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The stories of all three participants support the hypotheses of Philipp (2007) and
Darling-Hammond (2010) that changes to teacher practice are best brought about by
reflecting on and working on practice in practice. With this methods course embedded in
a practice-based environment, David, Anthony, and Natalie spent the school year
discussing and examining their own practices as they carried them out. Discussions
about classroom discourse took on great meaning because all participants could reference
events in their own classrooms and had the advantage of other program members’
observations of their classroom practice. David, especially, was moved to reflect upon
his practice after post-observation conferences and make changes based on observations
made either by Dr. Strickland or me. Anthony and Natalie indicated that they had done
the same.
Philipp (2007) suggested that rather than focusing on identifying beliefs, the field
of mathematics education research now must investigate ways to change teachers’ beliefs
in order to impact change in mathematics teaching. In this study, two of the participants’
did exhibit changes in their beliefs. David experienced changes in both beliefs and
practice together, in the way that Philipp posits is the “most meaningful” (p. 309) way to
change. I propose that Anthony’s beliefs changed when he experienced the new practices
that David introduced with his lesson design. This supports Guskey’s (2002) idea that
teachers will not change until they have seen the success of the new practices. Natalie,
according to her self-report, is making adjustments to her practice so that her methods are
better aligned with the literature to which she was exposed. Therefore, this study has
shown that participants in professional development school programs interact with those
programs in varying ways. In this study, the differences between participants’
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interactions and changes were explained through the lens of teachers’ beliefs and
positions of intellectual development.
Limitations of the Study
As in any study, there are limitations to the findings. Due to unusual
circumstances, David was the only student enrolled for the entire semester in the methods
course in this study. Although the circumstance did allow for deep exploration of
David’s beliefs and changes throughout the semester, it is unlikely that other methods
courses will have an enrollment of one student. Furthermore, David was a very reflective
student who began the semester at a position of relativism. It is unusual for pre-service
teachers to have such a consistent habit of reflection and relativistic conceptions of the
practice of teaching prior to a methods course (Higgins & Powell, 2011). The process for
admittance to the Urban Education program was selective; for these reasons, David is
most likely not representative of most secondary mathematics pre-service teachers.
There are also limitations related to the participation of Natalie and Anthony
throughout the study. Because of Natalie’s reluctance to participate at first, concessions
were offered to encourage participation. One of these concessions limited teaching
observations of Natalie to the first semester. The benefit to observing Natalie only during
the first semester was that she was always observed teaching the same group of students.
However, if later observations had been possible, changes in her practice may have been
observed later in the year after she had time to implement changes based on the literature
to which she was exposed. Anthony’s lack of participation in the methods course limited
the amount of data gathered for him. Although he openly shared his thoughts during
interviews, the unscripted conversations that added significant data to David’s and
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Natalie’s stories were not available for Anthony. In addition, due to time constraints for
this study, Anthony was not observed after David completed his student teaching in
Anthony’s classroom. Later observations may have illuminated changes that Anthony
did make in his practice.
Natalie and Anthony taught different courses to varying levels of students. This
limitation may have confounded the findings. It is possible that if Anthony taught more
advanced students his practice would have been more learner-centered. If Natalie had
taught all 9th grade students she may not have developed the rich discourse that occurred
in her classroom. Without observing these teachers’ practices when teaching the same
classes, comparisons between their types of practice cannot be made. Efforts were made
in this study to analyze the relationships between the data for each participant rather than
making comparisons between their practices.
Although a large amount of data was collected, some decisions made during data
collection limited the extent to which some data could be analyzed. All classroom
observations were transcribed. However, any student speech was labeled with “student”
and therefore did not differentiate which students were speaking. Transcripts also did not
contain time stamps so analyses such as calculations of percentages of time speaking for
teacher and students could not be calculated. Since all raw video footage and audio
recordings are still available, these limitations may be corrected at a later time and
provide data for future investigations.
As with any qualitative study, the lens which the researcher holds can shape the
findings. I asked specific questions related to my conceptual framework and concerning
the issues in which I was interested. A different conceptual lens may have illuminated
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different motivations that each participant had or highlighted different features of their
practice. Although the methodological choices that I made provided me clear pictures of
my participants’ practice, beliefs, and position of intellectual development, the small
number of participants does limit the generalizability of the findings.
Implications and Recommendations for Future Research
In this study, I investigated the ways in which beliefs and position of intellectual
development influenced my participants’ interactions with a site-based methods course.
There are many ways to build upon these research findings. The number of participants
in this study was too small to create generalizations about participant characteristics and
therefore similar research with a larger number of participants could build on these
findings. However, it may be interesting to investigate whether some of the differences I
found between participants are related to gender, ethnicity, teacher preparation,
experience teaching in high-need settings, or even total number of years of teaching
experience. Boaler (1997) contends that males and females adapt to reform-oriented
teaching practices in different ways. That may have been the case in this study, but there
is no conclusive evidence to determine this. This question could be investigated with a
quantitative or mixed-methods study on a broader scale, possibly employing the use of
the MTPDBI.
Consideration of the connections between changes in classroom discourse
practices and improvements in student achievement were outside of the realm of this
study. This is an interesting area for future research. Are the types of practices David
was encouraged to implement contributing to increases in student achievement? As a
function of the professional development school partnership, it may be possible to study
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student achievement scores of the students of participating teachers and compare them to
the scores from students of non-participating teachers. If we note changes in our
participants’ discourse practices, it would be interesting to see if there are connections to
their students’ performance. This question could be investigated with more qualitative
study focused on the mathematical ideas that students contribute to class or could be
researched with a quantitative or mixed-methods design using student achievement
scores.
A methodological area for future research revolves around the Mathematics
Teaching Pedagogical and Discourse Beliefs Instrument. The pilot study of this survey
indicated that it does measure teachers along the construct continuum. In this study, the
qualitative findings supported the quantitative findings from the survey, lending support
to the validity of the instrument. Initial analysis of the instrument indicates that it does
not clearly measure teachers who are at the learner-centered end of the scale. The Wright
Map for the pilot study (see Figure 6 in Chapter 3) shows that the person logit scores
range higher than the item logit scores. Ideally, both the items and the persons will cover
the same range of values. Further work should be carried out to improve the measure in
this respect. This work may include focus group interviews with survey respondents and
revision or addition of questions to assess more learner-centered characteristics.
In relation to the teaching cycles that emerged from the findings for David,
Anthony, and, Natalie, there are many implications for future research. Because Simon
(1997) hypothesized that teaching cycles are evolving and changing for every teacher,
one might ask whether or not there is a typical learning trajectory as the cycles evolve.
Do all teachers holding the same set of beliefs and position of intellectual development
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have the same relationships in their teaching cycles? Can influencing a teacher to change
his or her beliefs also impact their teaching cycle? Should professional learning
opportunities and teacher preparation programs include this as a goal? How can we help
interns like David to develop their mathematics teaching cycles in ways that support
reform-oriented teaching? When considering interns, will all interns develop teaching
cycles in the same manner as David or was his development due to his position of
relativism and beliefs? Would discussing the position of intellectual development and
beliefs characterization be helpful to pre-service or practicing teachers? Furthermore, is
there a learning trajectory that practicing and pre-service teachers follow as they learn to
incorporate more effective classroom discourse practices into their everyday work with
students?
A second stage of this research project will be carried out in the following school
year. Data on these three participants will be gathered throughout the next school year
with observations and interviews in an effort to examine any changes in their classroom
discourse practices. The intent of this phase of the project is to evaluate the sustainability
of newly acquired practices with and without the support of the methods course learning
community. Natalie will co-teach the methods course again during the remainder of the
continuing study and will host an intern in her classroom. Anthony may host another
intern in his classroom. David has been hired by Washington High School and will
therefore be able to continue in the study. Although David will no longer be directly
participating in the methods course, he will be a part of the mathematics department and
will most likely continue to interact with other study participants. At the time of the
conclusion of this study, plans were in place for David, Natalie, and Anthony to teach a
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common mathematics course during the following school year. This will allow for more
direct comparisons between the participants’ practices in the second phase of this study.
Another focus of the second year of this study will be the consideration of how the
information we have gathered in the first year can be used to support the teachers in the
study. How can Natalie be supported in her struggle to more closely align with the
research-based practices she is encountering in the literature? How can Anthony be
supported as he begins to make adjustments to his practice? Further, how can we
encourage Anthony to more closely consider the effectiveness of some of his current
practices and possibly implement more changes? How can our knowledge of David’s
goals and struggles to meet those goals be used to support him as a first year teacher?
Considering the impacts of this study on VSU’s teacher preparation program
leads to more implications and possibilities for future research. Close examination of this
model for teacher preparation (which was new to VSU) can also provide valuable
information for the future direction of this reform program. Based on the way in which
David, Anthony, and Natalie interacted with the program, the PDS team may choose to
alter the way in which research is presented. Natalie, a teacher with well-developed
pedagogical skills, questioned her effectiveness as a teacher because of her initial
exposure to the literature of the methods course. Anthony chose not to engage with the
literature even when requested. PDS programs must consider the impact on teachers and
may choose to introduce the literature in different ways, possibly through discussion or
integrated into classroom collaboration. The PDS team may also consider screening
participating teachers for their beliefs or position of intellectual development prior to
pairing them with interns within the PDS program. Future research might examine the
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beliefs and position of intellectual development of collaborating teacher/intern pairs that
function well together and propose better methods for matching future pairs.
These findings may also relate to future research or changes for the existing
traditional teacher preparation program at VSU. What pivotal events in this program
could be transferred to the traditional program? Were there events that had an impact on
the participants in this study that could be replicated in the traditional program? Dr.
Strickland intervened with David’s work as he struggled and pushed him toward more
thorough consideration of the 5 Practices (Smith & Stein, 2011). In doing so, she
propelled him to make significant changes in his discourse practices. This speaks to the
value of faculty intervention during student teaching experiences and suggests the need
for consideration of how more of this type of intervention can be made possible.
This study has already had an impact on the secondary mathematics teacher
education program at VSU. As a part of both the traditional program and the UE
program at VSU, interns video-record their teaching and write a critique of their teaching
during the methods class field experience and during the student teaching semester. As a
result of this study, this video critique assignment will be revised so that interns are
required to think even more critically and specifically about the types of discourse they
are using in their teaching.
More questions arise when considering the framework upon which this study was
based in relation to teacher preparation programs. Would it be beneficial for pre-service
teachers to examine their own position of intellectual development or beliefs in the
context of a methods course? Findings such as these can be beneficial to other teacher
preparation programs as they work to move their pre-service teachers toward reform-
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oriented pedagogical practices. Identifying ways in which we can help pre-service and
in-service teachers to improve their practice is valuable at many levels.
As in many research studies, I am ending with more questions than when I began.
How many pre-service teachers actually come into preparation programs in the position
of relativism? How can we encourage teachers to consider reform-oriented practices?
How can teacher educators support teachers in the good work that they are doing without
making them doubt their practice as they compare it to what is reported in the research?
Through this study, I have developed a detailed picture of how the beliefs and
intellectual development of three teachers informed their interactions with a professional
development school teacher-preparation program. Each teacher had a different role in the
program and was found to have different beliefs and positions of intellectual
development. These differences led to varying ways in which they interacted with the
program and their practice. The collaborative effort between university and high school
faculty created a rich environment in which the participants could closely examine their
practice and either make changes or at least consider changes. Data were gathered in a
variety of forms (including surveys, observations, and interviews) and at multiple
collection points throughout the year as the researcher became a part of the community.
As Silver (2009) stated, “Mathematics teaching is a complex, intellectually demanding
practice. Improving this practice is equally complex” (p. x). This study provided insight
into the ways in which one group of collaborators worked to make sense of the complex
task of teaching mathematics.
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Appendix A: Mathematics Teaching Pedagogical and Discourse Beliefs Instrument
For each question, choose the one choice that most often describes your beliefs.
1. I believe when introducing a new concept it is most important to teach mathematics
lessons that:
a. Focus on one idea at a time, emphasizing both reasoning and computational
accuracy together.
b. Combine a variety of ideas and their connections using a problem solving
approach.
c. Combine at least two ideas and the connections between them.
d. Focus on one idea at a time, emphasizing computational accuracy before
reasoning.
2. I believe the most important role of the mathematics teacher is to:
a. Convey information to students and evaluate student performance.
b. Explain reasoning for mathematical processes to students, assist students in
clarifying their mathematical understanding and assess their mathematical
knowledge.
c. Provide information to students, question them about their knowledge, and
seek to understand their thinking.
d. Pose problems that engage students in exploring mathematical ideas and
assess their mathematical understanding.

3. I believe that students learn mathematics best by:
a. Paying attention to the teacher and practicing problems.
b. Exploring student-generated mathematical problems found in their
environment.
c. Taking notes during lessons and asking questions when they don’t understand.
d. Participating in mathematical investigations in which the teacher designs the
questions.
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4. I believe that it is important for mathematical conversations to most often be in the
form of:
a. Teacher and student discussion driven by student inquiry.
b. Teacher and student discussion with the teacher initiating questions.
c. The teacher initiating questions to determine whether or not students have
correct answers.
d. Students talking with other students while the teacher facilitates questioning.
5. I believe it is important to learn math because it:
a. Provides structure.
b. Promotes logical reasoning.
c. Is beautiful and creative.
d. Is useful.
6. I believe that mathematics:
a. Is invented.
b. Is already all known.
c. Exists independent of human thought and is discovered.
d. Is constructed as a product of social interaction.
7. When I prepare lessons I believe it is most important to consider the following:
a. Activities or investigations that will assist my students in developing their
own understanding about the key mathematical ideas.
b. Opportunities for group activity to be used after I convey key information.
c. Explanations I want to give in a class discussion along with questions I want
to ask students during the lesson.
d. Key information I want to convey in a lesson along with student practice
problems.
8. In order to teach students how to factor quadratic polynomials, I believe it is most
important to:
a. Present students with the procedure for factoring and then have them practice
individually factoring polynomials.
b. Use manipulatives to demonstrate using an area model for factoring
polynomials with the whole class and then have students work in groups to
practice factoring polynomials.
c. Provide student groups with manipulatives and facilitate groups in creating a
model for factoring.
d. Present students with the procedure for factoring and then have them work in
groups to practice factoring polynomials.
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9. I believe mathematics is mostly:
a. Problem solving.
b. Proving existing ideas.
c. Computation and manipulation.
d. Creating new ideas.
10. I believe mathematics is most like:
a. A lawyer’s courtroom argument.
b. A painting.
c. Cooking.
d. A 1000-piece jigsaw puzzle.
11. I believe that the most important source of mathematical ideas in the classroom is:
a. The teacher and the students.
b. The curriculum.
c. The teacher.
d. The students.
12. I believe:
a. Learning is a mostly individual process that is aided by discussion with the
teacher.
b. Learning is an individual process accomplished by the learner alone.
c. Learning is a process of social construction that takes place through discourse
with a variety of others.
d. Learning is a process that is accomplished through discussion with other
learners and a teacher.
13. I believe that the body of mathematical knowledge is:
a. Fixed with interconnecting structures.
b. Fixed and predictable.
c. Surprising, expanding and driven by new problems.
d. Surprising and investigated through solving of existing problems.
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14. I believe that:
a. There are multiple ways to learn a mathematical topic.
b. There is a best way to learn a mathematical topic but it may be represented in
more than one way.
c. Mathematics is learned through problem-solving in which multiple pathways
to solutions are possible.
d. There is a best way to learn a mathematical topic.
15. I believe that students learn the process of completing the square best by:
a. Working in groups to complete several completing the square problems and
discussing the solutions with the group.
b. Repeating the steps of completing the square and explaining them to a
classmate.
c. Memorizing the steps of completing the square and practicing them.
d. Working with a group using manipulatives to derive the process and then
generalize it.
16. I believe that eliciting students’ mathematical thinking in classrooms should be
accomplished by:
a. The teacher asking students to explain why their answer is valid.
b. The teacher asking questions of students to check to see if students have the
correct answers.
c. Students questioning each other about their reasoning with teacher facilitation.
d. The teacher asking students to explain how they solved a problem.
17. I believe it is most important to ask questions during classes:
a. To assess whether or not students are paying attention.
b. To encourage further student exploration and, if necessary, change direction
of a lesson.
c. To evaluate student knowledge.
d. To better understand my students’ thinking.
18. I believe it is most important for students to learn to:
a. Generate and explore their own mathematical questions.
b. Explain reasoning for processes and explore connections between problems.
c. Solve problems and explain reasoning for processes.
d. Solve specific problems accurately.
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19. I believe it is most important during lessons to:
a. Allow students to present solutions only after I have checked them for
correctness.
b. Allow students to present different methods of a solution than I have
presented.
c. Allow students to present solutions and use any misconceptions that surface to
propel instruction.
d. Have the teacher present all solutions so that students are not confused by
multiple or incorrect solutions.
20. In order to teach solving linear equations, I believe it is most important to:
a. Show several examples of solving linear equations with questions asked to
check for student understanding incorporated into the demonstration.
b. Show several examples of solving linear equations and then have students
practice solving individually.
c. Explain the reasoning that creates the rules for solving equations while
demonstrating solutions of linear equations.
d. Engage students in conversation that leads to the development of multiple
ways to solve linear equations.
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Appendix B: Interview Protocol for Anthony And Natalie
The listed questions are possible questions; depending on participant responses, some
questions may be omitted. Additional questions may be asked to clarify survey responses
or class writing prompt responses. Also, responses to these questions may generate
additional questions. In addition, other questions may be added to the interview to probe
decisions that were observed during teaching observation sessions.
Interview 1 (Introductions and Beliefs about the Nature of Math)
Introductory Questions
1.
2.
3.
4.

How and why did you decide to become a mathematics teacher?
How would you describe your teaching?
Describe one of your favorite mathematics lessons (taught or participated in).
Describe one of your least favorite mathematics lessons (taught or participated
in).

Nature of Mathematical Beliefs Questions
5.
6.
7.
8.
9.

Would you say mathematics is discovered or invented? Why?
If mathematics were an animal, what would it be? Why?
Is mathematics a creative subject? How so? Or Why not?
Why is it important to include mathematics in our school curriculum?
What is math?

Interview 2 (Beliefs about teaching math, reflection on observed teaching)
Teaching Mathematics Beliefs Questions
1. What makes a really good mathematics lesson?
2. What makes a really poor mathematics lesson?
3. Consider the following similes. A mathematics teacher is like:
News broadcaster
Doctor
Gardener
Missionary

Entertainer
Orchestra conductor
Coach
Social worker

Choose the simile that you believe best describes a mathematics teacher and
explain your choice.
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4. Is it okay for you to feel uncomfortable during your mathematics class? Does that
ever happen? When? Can you think of an example? How do you cope with
feeling uncomfortable?
5. What is your ultimate responsibility as a mathematics teacher?
Reflections on Observations
These questions will vary based on what was observed during the teaching observations.
Samples of the types of questions I will ask follow.
6. What was the goal of the lesson on ________________? Why is that goal
important?
7. Did the lesson go the way you wanted it to? Why or why not?
8. What will you change (if anything) in this lesson if you teach it again? Why?
9. How did you intend to involve students in the lesson? Did that happen?
Interview 3 (Beliefs on learning math, reflection over course readings)
Beliefs about Learning Mathematics Questions
1. What role do students have in the mathematics classroom?
2. What are the characteristics of a good math student? What are the characteristics
of a poor math student?
3. Is it okay for students to feel uncomfortable during your mathematics class? Why
or why not?
4. What is necessary for students to learn a mathematical idea? (Choose a specific
topic to discuss with this question.)
5. How do you know if a student understands an idea?
6. What is the most important thing for your students to have learned after being in
your class?
7. Is there a best way to learn math? Explain your thinking.
Reflection over course readings questions
These questions may vary based on the readings and discussions that actually took place
in class.
1. Smith and Stein (2011) emphasize five practices for orchestrating discourse:
anticipating, monitoring, selecting, sequencing, and connecting. How do you see
these actions taking place in your practice?
2. What did you take away from Brent Davis’s (1997) article on listening?
(Reminder of evaluative listening, interpretive listening, and hermeneutic
listening if needed.)
3. Hufferd-Ackles, Fuson, & Sherin (2004) describe a framework for levels of
discourse in classrooms that addresses ideas such as mathematical authority,
questioning, and responsibility for learning. Where do you feel you fall on this
framework? Why?
4. What reading or discussion most impacted your practice this semester?
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Interview 4 (Reflection on Observation, Final thoughts)*
Reflections on Observations
These questions will vary based on what was observed during the teaching observations.
Samples of the types of questions I will ask follow.
1. What was the goal of the lesson on ________________? Why is that goal
important?
2. Did the lesson go the way you wanted it to? Why or why not?
3. What will you change (if anything) in this lesson if you teach it again? Why?
4. How did you intend to involve students in the lesson? Did that happen?
Concluding questions for Natalie (Methods Co-Instructor)
1. Please reflect on changes you made on the survey from the first time to completed
it to the second time you completed it. Explain your thinking for each response
and how you think the changes came about.
a. Consider #1 and #2 together. You answered #1 with c originally and with
a the second time. You answered #2 with b originally and with d the
second time.
b. You answered #3 with b originally and with d the second time.
c. You answered #15 with d originally and with b the second time.
2. What are the big picture changes you have made in your practice or want to make
in your practice right now? What has influenced those changes?
3. How has the 5 Practices book impacted your teaching?
4. Are there outside influences on your teaching? Please explain how they influence
your teaching. (Prompts if no response: this study, Dr. Strickland, collaboration
team, administration, department chair, testing)
5. Has there been a critical moment in this school year where you felt something
needed to change in your teaching? Please describe it. What do you think
brought about that feeling?
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Concluding questions for Anthony (Collaborating Teacher)
1. Please reflect on changes you made on the survey from the first time to completed
it to the second time you completed it. Explain your thinking for each response
and how you think the changes came about.
a. You answered #4 with b originally and with d the second time.
b. You answered #7 with b originally and with a the second time.
c. As you reflect on #7, do you think you have made this change in your
practice? Have you seen it in David’s practice?
2. Please describe what you view as ideal student to student discourse.
3. Did you read any of the readings for the methods course? Why or why not? Is
there anything that you would have read?
4. Are there outside influences on your teaching? Please explain how they influence
your teaching. (Prompts if no response: this study, Dr. Strickland, collaboration
team, administration, department chair, testing)
5. Has there been a critical moment in this school year where you felt something
needed to change in your teaching? Please describe it. What do you think
brought about that feeling?
*Note: Anthony’s final interview was split into two interviews due to time constraints.
The concluding questions were asked in Anthony’s Interview 5.
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Appendix C: Interview Protocol for David
The listed questions are possible questions; depending on participant responses, some
questions may be omitted. Additional questions may be asked to clarify survey responses
or class writing prompt responses. Also, responses to these questions may generate
additional questions. In addition, other questions may be added to the interview to probe
decisions that were observed during teaching observation sessions.

Interview 1 (Introductions and Beliefs about the Nature of Math)
Introductory Questions
1.
2.
3.
4.

How and why did you decide to become a math teacher?
How would you describe the way you want to teach?
Describe one of your favorite mathematics lessons (taught or participated in).
Describe one of your least favorite mathematics lessons (taught or participated
in).

Nature of Mathematics Beliefs Questions
5.
6.
7.
8.
9.

Would you say mathematics is discovered or invented? Why?
If mathematics were an animal, what would it be? Why?
Is mathematics a creative subject? How so? Or Why not?
Why is it important to include mathematics in our school curriculum?
What is math?

Interview 2 (Beliefs about teaching math, Developmental assessment)
Teaching Mathematics Beliefs Questions
1. What makes a really good mathematics lesson?
2. What makes a really poor mathematics lesson?
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3. Consider the following similes. A mathematics teacher is like:
News broadcaster
Entertainer
Doctor
Orchestra conductor
Gardener
Coach
Missionary
Social worker
Choose the simile that you believe best describes a mathematics teacher and
explain your choice.
4. Is it okay for you to feel uncomfortable during your mathematics class? Does that
ever happen? When? Can you think of an example? How do you cope with
feeling uncomfortable?
5. What is your ultimate responsibility as a mathematics teacher?
Developmental Stage Assessment Questions
1. Is mathematical knowledge certain? Why or why not?
2. If you could design an ideal mathematics course for you to take, what would it
look like? How would it be taught? How would you be assessed? (From Perry
et al., 1986)
3. Here is a scenario: you are taking a university level math course and the
professor says that “right answers are no more legitimate in mathematics than in
other disciplines.” What is your reaction to this? (From Copes, 1982)
4. How do you define “understanding”? (From Schommer, 1998)
Interview 3 (Beliefs about learning math, reflection on observed teaching)
Beliefs about Learning Mathematics Questions
1. What role do students have in the mathematics classroom?
2. What are the characteristics of a good math student? What are the characteristics
of a poor math student?
3. Is it okay for students to feel uncomfortable during your mathematics class? Why
or why not?
4. What is necessary for students to learn a mathematical idea? (Choose a specific
topic to discuss with this question.)
5. How do you know if a student understands an idea?
6. What is the most important thing for your students to have learned after being in
your class?
7. Is there a best way to learn math? Explain your thinking.
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Reflections on Observations
These questions will vary based on what was observed during the teaching observations.
Samples of the types of questions I will ask follow.
1. What was the goal of the lesson on ________________? Why is that goal
important?
2. Did the lesson go the way you wanted it to? Why or why not?
3. What will you change (if anything) in this lesson if you teach it again? Why?
4. How did you intend to involve students in the lesson? Did that happen?
Interview 4 (Additional beliefs or development questions, reflection over course
readings)
Reflection over course readings questions
These questions may vary based on the readings and discussions that actually took place
in class.
1. Smith and Stein (2011) emphasize five practices for orchestrating discourse:
anticipating, monitoring, selecting, sequencing, and connecting. How do you see
these actions taking place in your practice?
2. What did you take away from Brent Davis’(1997) article on listening? (Reminder
of evaluative listening, interpretive listening, and hermeneutic listening if
needed.)
3. Hufferd-Ackles, Fuson, & Sherin (2004) describe a framework for levels of
discourse in classrooms that addresses ideas such as mathematical authority,
questioning, and responsibility for learning. Where do you feel you fall on this
framework? Why?
4. What reading or discussion most impacted your practice this semester?
Additional beliefs or development questions
These questions will be dependent upon observations, earlier interviews, and survey
responses. I will ask the interns to clarify their responses or I will ask questions that
arose out of other conversations or responses. I may also use this interview to ask
questions that were skipped in previous interviews.
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Intern Interview 5 (Reflection on Observation, Final thoughts)
Reflections on Observations
These questions will vary based on what was observed during the teaching observations.
Samples of the types of questions I will ask follow.
1. What was the goal of the lesson on ________________? Why is that goal
important?
2. Did the lesson go the way you wanted it to? Why or why not?
3. What will you change (if anything) in this lesson if you teach it again? Why?
4. How did you intend to involve students in the lesson? Did that happen?
Concluding questions
1. Please reflect on changes you made on the survey from the first time to completed
it to the second time you completed it. Explain your thinking for each response
and how you think the changes came about.
a. You answered #12 with c originally and with d the second time.
b. You answered #16 with a originally and with c the second time.
c. Considering question #16: Do you have a plan for moving in the direction
of c? Do you feel you have already done so?
2. You have begun thinking more about the 5 Practices. What has caused you to do
this? Do you think you will continue using them? Why or why not?
3. Are there outside influences on your teaching? Please explain how they influence
your teaching. (e.g. this study, Wendy, collaboration team, administration,
department chair, testing)
4. Has there been a critical moment in this school year where you felt something
needed to change in your teaching? Please describe it. What do you think
brought about that feeling?
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Appendix D: David’s Quadratic Function Activities
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Appendix E: Permission to Use Images

